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Harald Fleckner, DC8UG 
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A 13cm GaAsFET Power 
Amplifier Developed using the 
"PUFF" CAD Software Package 


Transistorised power amplifiers for 
the frequency range between 2,300 
and 2,400 MIIz have frequently been 
described in recent years. 


(1)(2)EB)(ME)AD 


The 2-stage power amplifier in- 
troduced here supplies an initial out- 
put of 5 Watts at 23 dB amplification 
in the 13cm band. 


1. 
INTRODUCTION 


The circuit was developed using the 
PUFF CAD software package, which 
makes it amazingly simple to calculate 
and simulate even relatively compli- 
cated microwave circuits. Several publi- 
cations (7)(8), together with our own 
research, have already put the capabil- 
ity of the low-cost software used to the 
test, so that very positive results were 
to be expected. 
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The goal of the project was to develop 
several amplifiers using the software, 
build them, and compare the readings 
with the simulated values. Three 
different types of amplifier were in- 
volved in this project, with different 
performance figures varying from 4 to 
12 Watts in the given frequency range. 


The following article describes the 
selection of semi-conductors, the sim- 
ulation/analysis of the amplifier circuit 
using the CAD software, the building of 
the 5 Watt amplifier and the readings 
obtained. 


2: 
SELECTING SEMI- 
CONDUCTORS 


The transistors used in the amplifier 
were Mitsubishi type, from the 0900 
range for UHF power amplifiers. They 
were, in actual fact, N-channel Schottky 
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Fig.1: 


GaAs power FET's, which had already 
been successfully used in the construc- 
tion of several circuits (6)(11), and 
which could be obtained at relatively 
low cost. Their power spectrum stre- 
tched from 0.6W (the 0904 type) right 
up to 10W (the 0907 type) for amplifi- 
cation levels of between 8 and 13dB, 
depending on type and frequency. 


The performance figures targeted by the 
development: 


Amplification: > 20 dB atk> 1 


Output: min 5 W at 
max 1dB compression 
Band width: 100 MHz 


Zin = Zoy, = 50Q at return loss > 20dB 


could therefore be attained only with a 
2-stage amplifier. 


pai3_2 
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Screen Dump from the PUFF CAD Package 


The type 0906 seemed a suitable high- 
level stage transistor. It displayed par- 
ticularly high operational thermal st- 
ability because of its large ceramal 
housing and, in contrast to the 0905, 
which was usually running under strain, 
easily supplied 37dBm = 5W at 1dB 
compression, thus guaranteeing stable 
operation with permanent output - e.g. 
for ATV transmitters. The type 0904 
was a suitable driving transistor, be- 
cause it displayed a high level of 
amplification (13dB) for a compression- 
free output amounting to almost 28dBm 
= 630mW. The S-parameters of the 
selected transistors required for the 
development of the circuit came from 
the Mitsubishi data bank, and applied 
under the following DC conditions: 


MGF0904: UDS = 9 V at ID=0.2A 
MGFO0906: UDS = 10 VatID=1.1A 
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Fig.2: 


The efficiency of these transistors was 
normally about 40%, so that a DC input 
power of more than 12 Watts was 
required in operation, and the resulting 
power loss had to be dissipated through 
a heat sink of sufficiently large dimen- 
sions. 


seed 
== 
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LavouT ——— 


Frequency plots of a Circuit for the 9em band 


3. 

SIMULATION AND 
ANALYSIS OF AMPLIFIER 
CIRCUIT USING CAD 
SOFTWARE 


The method of functioning and the 
operation of the PUFF CAD software 
are comprehensively described in 
(7)(8)(9), so here we shall merely list 
and analyse the results obtained. 


Fig.3: 
Board Layout generated 
using "PUFF" 
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Circuit of the 13cm GaAskET Power Amplifier 


Fig.4: 


Fig.l shows the screen dump from 
PUFF with the draft layout of the 
circuit, the associated Smith diagram, 
the parts and the paths of the scatter 
parameters over the frequency range 
selected (1.5 to 3.0 GHz). The plot 
window (top left) also shows the size 
and phase of the scatter parameters for 
the selected operating frequency 
(2.3216 GHz) in the order: 
— input impedance (S11) with return 
loss value 
— amplification (S21) 
— feedback (S12) 
— and output impedance (S22) with 
return loss value. 
The stability factor of the amplification 
circuit at the operating frequency can 
be determined from the calculated scat- 
ter parameters. The theoretical relation- 
ships required for this can be found in 
(10). Determining the absolute stability 
(K > 1) using this factor has been tried 
and tested as best for normal HF 
amplifiers, so that from knowledge of 
the scatter parameters the frequency 
range over which the circuit will be 


DC8UG 


stable can easily be indicated. A 
quadripole (amplifier) is absolutely  st- 
able if it always remains stable what- 
ever the adapted load at the input and 
output and never self-excites. 


The gain slope obtained (S21) as a 
function of the frequency showed a 
marked resemblance to that of a 
coupled band filter, This characteristic 
was obtained, firstly, through the 
lengthwise layout of the transmission 
lines (qlines/tlines) for each stage and, 
secondly, through the 50Q coupling of 
the two stages. 


With the lamina-disc method on the 
other hand, previously used frequently 
by the author for circuit matching, there 
is usually a gain slope like a deep pass 
- less reduction in amplification at low 
frequencies, maximum at the frequency 
to be transformed, and a more or less 
sharp reduction thereafter. This happens 
because the laminae, soldered on cross- 
wise, act like stubs, which have either 
an inductive or a capacitive influence, 
depending on the frequency and length. 
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NAME TYPE VALUE STYLE COMMENTS 
| TC 2.5pf Teflon/Ceramic Trimmer 

C2 iG 2.5pf Teflon/Ceramic Trimmer 

C3 TC 2.5pf Teflon/Ceramic Trimmer 

C4 T¢ 2.5pf Teflon/Ceramic Trimmer 

C5 Cc 10pf Tekelec-Chip Capacitor 
C6 Cc 4.7pF ATC-Chip Capacitor 
C7 ¢ 4.7pF ATC-Chip Capacitor 

Ji N N-Connector 
J2 N N-Connector 
Ll TL Zs= 100/24mm Stripline Trans-Line 
L2 TE Zs= 100/24mm Stripline Trans-Line 
L3 TE Zs= 100/24mm Stripline Trans-Line 
14 TL 7s= 70/24mm Stripline Trans-Line 
Tl FET 0904 Mitsubishi N-GaAsFET 
bp FET 0906 Mitsubishi N-GaAsFET 
ZS TL Zs= 22/23mm Stripline ‘Trans-Line 
Zl Th Z= 16/l6mm Stripline Trans-Line 
Z2 TL Z= 25/15mm Stripline Trans-Line 
73 TL Z= 16/16mm Stripline Trans-Line 
ZA TL Z= 22163mm Stripline Trans-Line 
Fig.5: Component List for the Amplifier 


To make this clearer, Fig.2 shows the 
simulated frequency response curve in 
accordance with a circuit published in 
(6) for the 9cm band, with 0904 and 
0905 transistors, without DC choking. 
With slight modifications to the circuit, 
this amplifier can also be operated at 
13cm without problems, as shown by an 
article in (11), though of course at 
considerably less than 20dB amplifi- 
cation. 


The readings shown in Fig.l gave the 
following output values for the draft 
circuit: 

— Return loss input: -23dB 

— Return loss output: -33dB 

— Amplification at 2,320 MHz: 24.8dB 
— Feedback: -35dB 

— K-factor at 2,320 MHz: 5 
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— Band width (-3dB): -280/+120 MHz 


Fig.3 shows the layout generated by the 
CAD software as a print-out from a 
laser printer for Teflon-based material 
with a substrate thickness of 0.79mm. 
The subsequent introduction of a 
correction factor to generate a precise 
photographic model is thus possible. 
The reversed image is pictured, as 
generated on the exposed board. 


The tracks on the longitudinal board 
side are earth surfaces inserted sub- 
sequently, which are through-hole 
plated to the earth surface when the 
circuit is assembled, 


In the parts list in Fig.1, we can also 
recognise the discrete modules required 
for the circuit under the description of 
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Vig's.6a& b: Side view of mechanical structure and the Component 
Placement and Assembly plan 
(Deckel = cover; Genhause = housing; Kihlkérper = heatsink 
Netztellplatine, senkrecht wingebaut = PSU board, vertically 
mounted; Weificchhgehause = tinplate housing; mit der platine 
& folie verlétet = soldered to board and foil; Nut = slot; 
Hohlniete durchkontakiert = hollow rivet, through-hole plated; 
AL - Kithlkérper = Al heatsink; Kupferfolie = copper foil 
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Sa 

“lumped”, These are capacitors and 
resistances which are required for the 
circuit to operate. In this connection, 
Fig.4 shows the HF circuit diagram and 
Fig.5 the parts list. 


4. 
ASSEMBLING THE 
AMPLIFIER 


The amplifier circuit was built on a 
Teflon board (er = 2.33) with dimen- 
sions of 109 x 54 x 0.79 (mm) For its 
part, it was screwed to an aluminium 
cooling body (110 x 100 x 10mm), 
which was used for fastening and as a 
heat sink for the power transistors and 
voltage controllers (Fig.6). 


The use of epoxy resin based material 
was excluded, since power amplifiers in 
this range already produce dielectric 
losses of 20% (app. 1dB), i.e. a loss of 
1W at 5 Watts output. 


So, compared with the costs of the 
transistors (app. DM 60/Watt), it would 
be a false economy. 


The DC power supply system was 
assembled on an epoxy board, coated 
on both sides (91 x 20 x 1.6mm), which 
was vertically soldered to the 
longitudinal side of the housing (Fig.6) 
within. Its circuit corresponded to the 
one published in (6). 


Figs. 7, 8 and 9 show the screen, layout 
and parts list for this power supply. The 
components are mounted on the foil 
side, so that the earth surfaces have to 
be through-hole plated. 
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Grooves were milled in the heat sink so 
that the drain and gate connections of 
the transistors could be soldered flush 
to the board, as far as possible. For this 
purpose, the Teflon board had recesses 
measuring 4.4 x 17 (mm) and 6.4 x 22 
(mm), into which the transistors were 
inserted and then screwed to the heat 
sink (see Fig.6). There was also a 
copper foil between the board and the 
heat sink (115 x 57 x 0.08mm), which 
was later soldered to the tinplate ho- 
using. It provided a very good earth 
connection between the transistors, the 
board, the housing and the heat sink. 


Before the board was mounted, the 
earth surfaces had to be through-hole 
plated with 2mm _ copper (hollow) 
rivets. At least 4 rivets per longitudinal 
side and earth connector are required 
for this (see Fig.6). 


The board was fastened to the heat sink 
at 6 points, using M2 screws. The 
transistors each required 2 threaded 
holes in the baseplate for the source 
connection, which were best provided, 
true to dimensions, with the help of a 
piece of cardboard which corresponded 
to the transistor dimensions. 


The dimensions of the tinplate housing 
were 110 x 55 x 28 (mm) and before 
assembly it was provided with the 
necessary bores for the feedthrough 
capacitors and recesses for the N- 
sockets. The housing itself was then 
soldered together, and soldered to the 
longitudinal sides of the screwed-on 
board. The soldered-on sockets could 
then be screwed to the heat sinks on the 
front faces as well. 


The best insertion and commissioning 
procedure is as follows: 
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Fig.7: PSU Circuit 
(Stromversorgung = power supply; Regler extern, Verbindung ueber 
Dukos Inf = external regulator, connection through InF feedthrough 
capacitors; auf der HF-platine = on the HF board 
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zu [Ct (171084) user Civos 

Fig.8: 
Layout and Component 
Overlay for the PSU 
(Dukos = feedthrough 
capacitor) 
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-LG2 i 
o- ATK 
| an 2 
NAME TYPE VALUE STYLE COMMENTS 
Cl Cc InF feedthrough Capacitor 
C2 EC 10uk* Tant/16V Electrolytic 
O) EC 10uF Tant/16V Flectrolytic 
C4 EC 10uF Tant/16V Electrolytic 
cS EC luF Tant/16V Hlectrolytic 
C6 EC 22uF Tant/10V Electrolytic 
C7 EC 22uF Tant/10V Electrolytic 
cs EC 10uF Tant/10V Electrolytic 
o) EC 10uF Tant/10V Electrolytic 
C10 cS 100nF Sibatit Capacitor 
Cll cS 100nF Sibatit Capacitor 
C12 Cc InF Feedthrough Capacitor 
C13 Cc InF Feedthrough Capacitor 
D1 Z ZD16 Zener Diode 
D2 Z ZD4.7 Zener Diode 
ICI LT1084 TO247 Low drop reg 
Ic2 781.06 TOS92 +ve Regulator 
IC3 ICL7660 DIL8 -ve Regulator 
Pl P 2.5k (2k) Piher/Cermet Potentiometer 
P2 P 2.5k (2k) Piher/Cermet Potentiometer 
RI R 2k (22k Il 2.2k) Metal film Res, 2.2 x 6.3mm 
.R2 R 270 Metal film Res, 2.2 x 6.3mm 
R3 R 10k Metal film Res, 2.2 x 6.3mm 
R4 R 0.2 - 0.5 /W Metal film Res, 2.2 x 6.3mm 
R5 R 3-5 /0.5W Metal film Res, 2.2 x 6.3mm 
R6 R 100 Metal film Res, 2.2 x 6.3mm 
R7 R 100 Metal film Res, 2.2 x 6.3mm 
R8 R 300 Metal film Res, 2.2 x 6.3mm 
RO R 300 Metal film Res, 2.2 x 6.3mm 
Tl NPN BCS46B SOTS4 NPN Transistor 


Fig.9: PSU Component List 
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— Assemble and mount power supply 
board 


— Gate resistances (R6, R7) should al- 
ready be soldered onto power supply 
for better mounting (see I’ig.8)! 


— Assemble and wire up the 6 feedthr- 
ough capacitors (InF) and the block- 
ing capacitors C3, C5, C10, C11 


— Fasten (insulation!) and connect up 
voltage controller by means of 
feedthrough capacitors 


— Mount and connect up resistances 
(R4, R5, R8, R9) to and on HF 
board 

— Mount trimmers (C1, C2, C3, C4) 

— Mount chip capacitors (C5, C6, C7) 

— The power supply (UG and D) can 
now be tested. 

— Mount GaAsFET’s 


The static current levels can now be 
set: 


0904 - ID =0.2A; 0906-ID=1.1A 


Note: for continuous operation in unfa- 
vourable conditions, it is advisable to 
mount the amplifier on an additional 
heat sink (e.g. the housing wall), to 
ensure stable operation. 


Sy 
READINGS 


The prototype amplifier was constru- 
cted so that a 5 Watt output could be 
achieved with an input of 28mW at 
2,320 MHz. The measurement was 
carried out using a type HP 432 
Wattmeter and a 30dB attenuator from 
Narda, 


cs 
Fig.10 shows the transfer characteristic 
of the amplifier. 


At 5 Watts output, the compression 
range begins, i.e. a further increase in 
power leads to a _ considerable 
worsening of the inter-modulation inter- 
val; (1dB compression = -33dB;,). 


Fig.11 shows the power amplification at 
an input 10OmW over the frequency 
range. 


Curve A shows the measured gradient 
arising if the amplifier is tuned to 2,320 
MHz. 


Curve B shows the gradient obtained 
through simulation, in accordance with 
Fig. 1. 

Consequently, the amplifier has a band 
width of 300 MHz. Its amplification 
reduction at the band limits is of course 
somewhat less than in curve B. The 
reasons for this are the losses conditi- 
onal on the cireuit, which can not be 
covered completely by the simulation. 


The linear amplification of 2dB  ob- 
tained is only slightly different from the 
calculated value. If the amplifier is 
broad-band tuned, so that its course 
corresponds to curve B, the amplifi- 
cation falls by about 1dB (20%) as the 
band width increases. 


To sum up, we can say that using PUFF 
low-cost software to develop simple 
integrated high-frequency circuits can 
be highly recommended. True, the 
efficiency is very much reduced by 
comparison with high-end products 
such as, for example, Super-Compact, 
but the results obtainable are more than 
adequate for the amateur sector. 
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Fig.10: 

Transfer Characteris- 
tics of the Amplifier 
Tausend = thousand) 
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Improving Impedance 
Bandwidth of VHF/UHF Yagis 
by Decreasing the Driven 
Element L/D Ratio 


The antenna literature hints that 
increasing the element diameter in a 
Yagi improves its impedance 
bandwidth (see, for example, [1] at 
page 11-15). But the author is not 
aware of data showing what degree of 
improvement can be obtained. This 
tech note describes the effect of 
increasing driven element diameter 
and presents resulfs for a_ typical 
three-element array. While the tech- 
nique is frequency independent, it is 
especially useful for antennas from 
mid-VHIF through ULF. 


Fig.1 shows typical Yagi geometry. The 
antenna consists of parallel elements 
spaced along the array axis. The RF 
source excites the driven element (DE), 
which is usually a centre-fed dipole as 
shown (length L, diameter D). Other 
DE configurations, such as folded 
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dipoles, are sometimes used, but they 
are not considered here. On one side of 
the DE is a longer element (R) which 
acts as a reflector. On the other side are 
shorter elements (D1...DN) which act as 
directors. The reflector and directors 
are parasitic elements. 


In most Yagi designs all elements are 
the same diameter, and they are electri- 
cally thin. Thin elements have L/D > 1. 
Elements that are not thin are fat. Thin 
and fat elements have different current 
distributions. The current along a very 
thin element is nearly sinusoidal, but 
this approximation becomes 
progressively worse as the element 
becomes fatter. 


An element’s self impedance is 
determined by its free-space current 
distribution, which varies considerably 
with the L/D ratio. A Yagi’s input 
impedance is determined by the DE self 
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impedance and its mutual impedance 
with every other element in the array, 
but the DE’s influence is dominant. The 
design objective is to increase 
bandwidth by adjusting the DE self- 
impedance to improve the match to the 
feed system characteristic impedance, 


The conjecture that changing the DE’s 
L/D ratio can significantly alter a 
Yagi’s input impedance rests on the 
following observations: 


— the input resistance of well-designed 
Yagis is usually lower than 50Q, 
often by quite a bit 


— in general, VSWR increases more 
quickly with load reactance when 
the load resistance is less than the 
feed system characteristic impedance 


— the radiation resistance of a centre- 
fed dipole passes through a 
maximum as its [./D ratio decreases 


Low input resistance is apparent from 
published Yagi design data (see, for 
example, [1]-[5]). The other two obser- 
vations are discussed below. 


Fig.2 plots VSWR vs the magnitude of 
the normalised load reactance. Several 
curves are presented for different values 
of normalised load resistance. Xn and 
Rn are calculated by dividing the load 
reactance and resistance, respectively, 
by the feed system characteristic impe- 
dance, Z,, which is assumed to be 
purely resistive. In most antenna syst- 
ems Zo=50+j0Q. In a 50Q system, an 
actual load resistance of 25Q is a 
normalised resistance Rn=0.50 (top 
curve in Fig.2). A load reactance of 125 
ohms (Xn=2.5) produces a VSWR of 
15. Note that only the magnitude of the 
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reactance is important, not its sign 
(inductive or capacitive). 


It is evident from Fig.2 that VSWR is 
more sensitive to increases in Xn when 
Rn is low. For example, increasing Xn 
from 2.5 to 3 causes the VSWR to go 
from 15 to 20.5 when Rn=0.5, but only 
from 5.6 to 6.9 when Rn=2. Because of 
their low input resistance, Yagis tend to 
exhibit this sort of VSWR sensitivity. It 
is reasonable to expect that a DE which 
increases the Yagi radiation resistance 
will improve performance by reducing 
VSWR sensitivity to input reactance. 
The initial design objective in selecting 
a better DE configuration is therefore to 
maximise its radiation resistance, 


The self-impedance of a centre-fed, free 
space dipole is plotted as a function of 
diameter in Figs. 3(a) and 3(b). The 
input resistance appears in Fig.3(a), The 
different curves are for different ele- 
ment lengths as indicated. The dipole 
diameter varies from zero (infinite L/D) 
to 0.1 (4.5 <U> L/D <U> 5.0). Note 
that L and D are in wavelengths. For 
0.45 <U> L_<U> 0.50 wave, the 
resistance increases until the diameter 
is near 0,05 wave, then it decreases. 
The maximum resistance for a fat 
dipole is considerably higher than it is 
for a very thin one, which is important 
in trying to increase the Yagi’s input 
resistance. 


Fig.3(b) plots the dipole’s input 
reactance. A half-wave dipole is induc- 
tive for very small diameters, passes 
through resonance near 0.05 wave, then 
becomes capacitive. The 0.475 wave 
dipole shows two resonances, one near 
a diameter of 0.003 wave, and the other 
near 0,043 wave, The shortest antenna 
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(0.450 wave) is always capacitive. How 
the reactance changes with diameter is 
important determining the DE resonant 
frequency; but resonating the DE is not 
a primary objective at this point. 


The effect of L/D on input impedance 
was investigated by modelling a well- 
designed, three-element Yagi with thin 
and fat DEs. The original antenna with 
the thin DE is referred to as the 
“prototype”. It consisted of a 0.479 
wave reflector, a 0.453 wave DE, and a 
0.451 wave director, Each element was 
0.005 wave diameter. The three ele- 
ments were uniformly spaced 0.5 wave 
along the array axis. This antenna is 
described in [3], Table 5-4. 


The modified prototype is referred to as 
the “improved” array. The only 
difference between the two antennas is 
the DE diameter, which was increased 
to 0.0486 wave (L/D=9.3/90.6, impro- 
ved array/prototype). This diameter was 
chosen because it maximises the self 
resistance of a 0.453 wave dipole 
(70.232), Other diameters could also 
be used, since the resistance is not 
particularly sensitive to changes in 
diameter between about 0.04 and 0.055 
wave. 


Prototype antenna performance is 
shown in Fig.4, and the improved array 
in Fig.5. The x-axis is the ratio of 
operating frequency to the design fre- 
quency, F,. 


‘The prototype forward gain and FB 
ratio are plotted in Fig.4(a). Maximum 
gain is 9,56dBi at 0.991F,, and 
maximum FB is 6.35dB at 0.979F,. The 
improved array’s gain and FB curves 
arc so close to those in Fig.4(a) that 
they are not reproduced. 
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Increasing the DE diameter docs not 
affect maximum gain or FB. 


Input resistance (R), reactance (X), and 
VSWR (relative to 50 ohms) appear in 
Figs. 4(b) and 5(a), which should be 
compared directly. The most important 
differences are the improved antenna’s 
higher input resistance (55.9 vs 22.34Q) 
and its substantially smaller VSWR 
variation (1.8-5.7 compared to 2.46- 
10.7). The improved array’s VSWR is 
much easier to match than the pro- 
totype’s, which should result in better 
impedance bandwidth, 


Since both antennas are inductive at the 
design frequency (X=14.4/79.9Q, pro- 
lotype/improved array), the simplest 
matching scheme is to add capacitive 
reactance to resonate the antenna at F,. 
For convenience, it is assumed 
F,=299.8 MHz (1 meter wavelength). If 
series capacitors are used, then the total 
required capacitance is 36.87pF for the 
prototype and 6.34pl' for the improved 
array. The effect of adding series 
capacitance is shown in Figs. 4(c) and 
5(b), which should be compared 
directly. 


Note; ‘Yhe details of how reactance is 
added at the feed point are not consid- 
ered, A capacitor is the simplest way to 
add capacitive reactance, but not the 
only one. Whatever approach is taken, 
feed system symmetry must be 
preserved in order to avoid unbalancing 
the antenna. 


The minimum resistance is similar in 
both designs, but R increases more 
quickly and reaches higher values in 
the improved array. ‘This effect is 
actually beneficial because of the 
VSWR behaviour discussed in connec- 
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tion with Fig.2. Maximum resistance in 
the improved Yagi is about 280Q near 
1.05F,. 


The series capacitors bring both anten- 
nas into resonance (X=0) at F,=299.8 
MHz. The prototype’s VSWR is 2.24 at 
the design frequency, and its minimum 
VSWR is 2.16 at 1.007F,. The reason 
the VSWR is not better than 2.24 at F, 
is that the input resistance is still low 
compared to the feed system impedance 
of 502. Comparing the prototype’s 
VSWR with and without added 
reactance shows that the improvement 
is only marginal. 


Fig.5(b) shows that the fat DE provides 
much better performance. The VSWR is 
only slightly above 1:1 at F,, and it is 
below 2.5:1 from 0.981F, to 1.014F,, 
an impedance bandwidth of 3.3% of F,. 
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The improved antenna’s VSWR is bet- 
ter at F, because its resistance is close 
to the feed system characteristic imped- 
ance of 50. Thus, the larger DE 
diameter increases the array’s radiation 
resistance as expected. Matching the 
improved antenna is simply a matter of 
neutralising its input reactance. 


There are several matching techniques 
not considered here which can improve 
the VSWR even more. The simplest is 
to adjust the DE L/D ratio so that both 
the radiation resistance is as close as 
possible to 508 and the array is 
resonant at F,. 


Matching networks, impedance 
matching feeds such as a T-match, or 
antenna tuners are some of the other 
possible techniques for improving im- 
pedance bandwidth. 
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These methods work best with a Yagi [2] Yagi Antenna Design, James L. 


whose VSWR has already been lowered Lawson, W2PV, American Radio 
using the L/D technique. The data in Relay League, Newington, CT, 
this tech note provide a starting point 1986. 


for further experimentation and illus- 
trate the degree of improvement attain- 
able with a fat driven element. 


{3] Antenna Theory and Design, 
Warren G. Stutzman, Gary A. 
Thiele, John Wiley and Sons, New 


“York, 1981. 
[4] Antenna Theory, Analysis and 
PR RENCRE Design, Constantine A. Balanis, 
REFERENCES Harper & Row, New York, 1982, 
Sect. 9,3 
{1] The ARRL Antenna Book, 16th [5] The ARRL Handbook 1993, 
edition, Gerald Hall, K1TD, editor, Seventicth Edition, American 
American Radio Relay League, Radio Relay League, Newington, 
Newington, CT, 1991. CT, Chap. 33 
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B.Hofman-Wellenhof, H.Lichtenegger & J.Collins 


326 pages detailing all you need to know about how the satellite 
Global Positioning System works. Using GPS for precise 
measurements, attitude and navigation is discussed in detail. 


£39.95 


Shipping: UK £2.00; Overseas £3.50; Airmail £7.00 
KM Publications, 5 Ware Orchard, Barby, Rugby, CV23 8UF 
Tel: (0)1788 890365 Fax: (0)1788 891883 
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Matjaz Vidmar SS3MV (ex YU 3 UMV, YT 3M) 


A DIY Receiver for GPS and 
GLONASS Satellites 


Part-3 


3 

THEORY OF OPERATION 
OF GPS AND GLONASS 
RECEIVERS 


3.1. GPS/GLONASS Receiver 
Principles of Operation 


Since the signals transmitted by GPS 
and GLONASS satellites are similar, 
the receiver design for any of these 
systems follows the same guidelines. 
The principle block diagram of a GPS 
or GLONASS receiver is shown in 
Fig.11. Only a single channel receiver 
is shown for simplicity. The problem of 
simultaneously receiving more than one 
Signal (like the C/A-signal and both P 
signals from four or more satellites) 
will be discussed later. 


Since the user’s position, velocity and 


attitude are unknown in a navigation 
problem, satellite navigation receivers 
generally use either one or more omni- 
directional antennas. All satellite navi- 
galion signals are circularly polarised 
(usually RHCP) to allow the user’s 
receiver to further attenuate any re- 
flected waves, since circularly polarised 
waves change their sense of polarisa- 
tion on each reflection. Reflected waves 
are a major nuisance in precision 
navigation systems: they represent an 
unpredictable propagation anomaly 
which is a major source of measure- 
ment errors. 


The radio signals collected by an- 
omnidirectional receiving antenna are 
weak. A low-noise amplifier will pre- 
vent any further degradation of the 
signal-to-noise ratio, but it can not 
reduce the thermal noise collected by 
the antenna nor unwanted navigation 
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Fig.11: Principle Block Diagram of a GPS/GLONASS Receiver 


satellite tansmissions on the same 
frequency. GPS and GLONASS satellite 
signals are wideband, ranging from 1 
MHz (GLONASS C/A-code) to 20 
MHz (GPS P-code), and the satellite 
transmitter power is limited to around 
25dBW EIRP (L1 C/A-code for both 
GPS and GLONASS) or even less than 
this (P-transmissions), making the sig- 
nal usually weaker than the thermal 
noise collected by the antenna. 


Although buried in thermal! noise and 
interference, these signals can still be 
used, since the given bandwidth and 
megabits-per-second rates apply to a 
known code and not to the information 
bandwidth, which is smaller than | kHz 
for both timing and Doppler shift 
measurements and the navigation data 
transmitted at 50Obps. In other words, 
GPS and GLONASS signals are direct- 
sequence spread-spectrum signals, using 
Code-Division Multiple Access 
(CDMA) techniques [7]. 
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A GPS or GLONASS receiver will first 
downconvert the signals to a suitable IF 
and amplify them before further 
processing. At this stage a wide IF 
filter, corresponding to the complete 
original signal bandwidth, can be used 
to improve the dynamic range of the 
receiver. The downconverter may be 
made tuncable if widely separated 
channels are to be received, like the 
GLONASS C/A-transmissions. 


The wideband IF signal is then multi- 
plied by (mixed with) a locally-gener- 
ated satellite signal replica, modulated 
by the same code. If the locally 
generated code is synchronised to the 
satellite transmission, the bandwidth of 
the desired mixing product will collapse 
down to almost zero, since two identi- 
cal 0/180-degrees BPSK modulation 
processes exactly cancel each other, on 
the other hand,, the bandwidth of all 
unwanted signals, like noise or interfer- 
ence, will be further expanded by this 
operation to a double bandwidth. 
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Since the bandwidth of the desired 
signal collapses, this operation is usu- 
ally called signal spectrum despreading. 
The desired signal can now be filtered- 
out with a narrow IF filter having a 
bandwidth ranging from 100 Hz to 10 
kHz in a GPS or GLONASS receiver. 
After the narrow IF filter, the signal- 
to-noise ratio finally achieves usable 
values and typically reaches 20dB. 


The filtered IF signal is then used for 
several purposes. First, it is used to 
acquire and maintain synchronisation of 
the locally generated code. Dithering 
the locally-generated code back and 
forth by a fraction of the bit period 
generates an amplitude modulation on 
the filtered signal. The phase of this 
modulation contains the information 
required to keep the synchronisation of 
the local code generator. 


The filtered IF signal is also fed to a 
BPSK demodulator (usually a squaring 
PLL or a Costas PLL) to extract the 
50bps navigation message data. The 
BPSK demodulator also provides a 
regencrated carrier that is used for 
Doppler-shift measurements. On the 
other hand, the code-timing information 
is obtained from the local code genera- 
tor. All three signals, code timing, 
Doppler shift and 5Obps navigation data 
are fed to the receiver CPU to compute 
the user position, velocity, accurate 
time etc. 


For Earth-located,, slowly-moving us- 
ers, the Doppler shift on the satellite 
signals is mainly due to the satellite 
motion and amounts up to +/- 5 kHz on 
the L1 frequency. In most cases some 
fine tuning will be required to compen- 
sate the Doppler shift in front of the 


o 
narrow IF filter. Some fine-tuning capa- 
bility is also required to compensate the 
local oscillator frequency drift. In GPS 
and GLONASS receivers all of the 
required frequencies are obtained from 
a single TCXO with a stability of a few 
parts per million, Since one part per 
million is 1.6 kHz at the L1 frequency, 
the frequency uncertainty of the re- 
ceiver is comparable in magnitude to 
the expected Doppler shift. 


Like in all spread-spectrum-systems, the 
initial code sync acquisition is a critical 
operation in a GPS or GLONASS 
receiver, Most receivers make an ex- 
haustive search for C/A-code synchro- 
nisation. Testing a possible code phase 
typically takes around 10 milliseconds 
each, so an exhaustive search may take 
more than 10 seconds. This figure needs 
to be multiplied by the number of 
frequencies tested, due to an unknown 
Doppler shift or unpredictable TCXO 
drift. 


A “cold start” of a GPS or GLONASS 
receiver may therefore take up to one 
hour, since the receiver does not know 
which satellite (PRN# or CHN#) to 
look for nor the Doppler shift nor the 
code phase. A “warm start” is much 
faster since the receiver should know 
the almanac satellite ephemeris, the 
approximate user location and the ap- 
proximate time. From this information 
one can get all visible satellites and 
compute the corresponding Doppler 
shifts, so that the code phase and the 
TCXO drift are the only unknowns left. 


The period of the P-code is far too long 
to make an exhaustive sync search 
practical. All P-code receivers need to 
acquire the C/A-code first, decode the 
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navigation data and synchronise their 
local P-code generator to the C/A-code 
transmission first. Since the P-code rate 
is only 10 times the C/A-code rate, 
there are very few possible P-code 
phases left to be tested to lock on the 
P-transmission. 


GPS and GLONASS have been de- 
signed to supply timing codes, the user 
position being computed from the 
measured propagation time differences. 
Additionally, the user velocity can be 
computed from the already known posi- 
tion and the measured Doppler-shift 
differences on the signal carriers. 


Although the Doppler shift can also be 
measured on the code rates, this meas- 
urement is usually very noisy, On the 
other hand, no absolute delay difference 
can be measured on the carrier, since 
the carrier phase becomes ambiguous 
after 360 degrees. 


Finally, relating the carrier phase to the 
code phase may produce excellent re- 
sults, but requires an accurate compen- 
sation of ionospheric effects, which 
have opposite signs: the ionosphere 
delays the modulation and at the same 
time advances the carrier phase! 


Besides the described principle of op- 
eration of a GPS or GLONASS re- 
ceiver, there are some other possibili- 
tics. For example, the C/A-code syne 
could be obtained much faster using an 
analogue (SAW) or digital (FT) corre- 
lator. To evaluate ionospheric errors, 
codeless reception techniques can be 
used to receive both P-transmissions on 
LI and L2 frequencies without even 
knowing the codes used. 
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3.2. Digital Signal Processing (DSP) 
in GPS/GLONASS receivers 


After the principles of operation and 
the required functions of an electronic 
circuit are known, one has to decide 
about the technology to practically 
implement the circuit. In most cases 
GPS or GLLONASS receivers are mobile 
units installed on vehicles or even 
portable handheld units. The receiver 
weight, size and power-consumption are 
all important. While every GPS or 
GLONASS receiver must have an an- 
tenna, a RF front-end and a digital 
computer to solve the navigation equa- 
tions, the IF signal processing may 
include just a single channel in a simple 
C/A-only receiver or more than 10 
channels in a full-spec L1 & L2 P-code 
receiver. 


When the same circuit function needs 
to be duplicated several times, like the 
Il’ processing channels in a_ radio- 
navigation receiver, it is usually con- 
venicnt to use Digital Signal Processing 
(DSP) techniques. An important advan- 
tage of DSP over analogue circuits is 
that duplicated channels are completely 
identical and require no tuning or 
calibration to accurately measure the 
difference in the time of arrival or 
Doppler shift of radio-navigation sig- 
nals. A single DSP circuit can also be 
easily multiplexed among several sig- 
nals, since the internal variables of a 
DSP circuit like a PLL VCO frequency 
or phase can be stored in a computer 
memory and recalled and updated when 
needed again. 


The bandwidth of the navigation satel- 
lite signals is several MHz and this is a 
rather large figure for DSP. Implement- 
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Fig.12: Principle Block Diagram of a 1-bit DSP GPS/GLONASS Receiver 


ing the whole IF signal processing of a 
GPS/GLONASS receiver completely in 
software (like described in the introduc- 
tion to DSP techniques in [8]) is 
difficult although it has been done [9] 
for the GPS C/A-code using powerful 
microcomputers. Most GPS/GLONASS 
receivers use a combination of dedi- 
cated DSP hardware and software for IF 
signal processing. Dedicated DSP hard- 
ware is only used where the bandwidth 
is large and the functions are relatively 
simple, like the local satellite signal 
replica generation and the signal de- 
spreading, while all other functions, 
including all feedback loops, are imple- 
mented in software. 


When designing a DSP circuit and in 
particular when designing dedicated 
DSP hardware it is essential to know, 
besides the signal bandwidth or sam- 
pling frequency, also the resolution or 
number of bits per sample required to 
represent the signals involved [10]. A 


GPS or GLONASS signal is a constant 
amplitude signal and limiting is there- 
fore not harmful. However, after the 
wide IF filter in the receiver there is a 
mix of many satellite signals of differ- 
ent strength and lots of thermal noise as 
well. If such a mix of signals is limited, 
the resulting intermodulation distortion 
degrades the signal-to-noise ratio by 
around 2dB. 


Since navigation satellite signals are 
pseudo-random sequences, all undesired 
signals and all intermodulation products 
only affect the desired signal in the 
same way as thermal noise. Therefore, 
in a GPS/GLONASS receiver, very few 
bits are required to represent the wide- 
band IF signal. Most GPS/GLONASS 
receivers simply limit the wideband IF 
signal, thus accepting the 2dB sensitiv- 
ity degradation and representing each 
sample with just two quantisation levels 
or one single bit. Increasing the number 
of bits per sample only increases the 
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DSP hardware complexity while bring- 
ing marginal sensitivity improvements, 
so that no known receiver design uses 
more than 3 bits per sample (8-level 
quantisation), 


On the other hand, an 1-bit/sample DSP 
GPS/GLONASS receiver may have a 
really simple IF signal processing as 
shown on the principle block diagram 
on Fig.12. The IF signal is limited, so 
no AGC is required. Signal sampling 
and A/D conversion is performed by a 
single D type flip-flop. Signal despread- 
ing or multiplication with the locally 
generated signal replica is accom- 
plished with an exclusive-or gate. Since 
the narrow IF can be selected close to 
zero, the narrow IF bandpass filter may 
be replaced by a lowpass filter or an 
integrator, In the case of 1-bit samples, 
the latter is simply a counter with the 
clock set to the sample rate and gated 
by the input signal. 


However, after the narrow IF filtering 
the resulting signal can no longer be 
represented with a single bit per sam- 
ple, if the sample rate of the narrow- 
band signal is significantly reduced. In 
a C/A-code receiver, the integrator is 
read and then reset each millisecond, to 
match the period of either GPS or 
GLONASS C/A-codes, since the auto- 
and cross-correlation properties of these 
codes are only maintained over an 
integer number of code periods. An 
integration period of 1 ms corresponds 
to a narrow IF bandwidth of +/- 500 Hz 
around the centre frequency. The latter 
is a very good choice for a GPS or 
GLONASS receiver. 


Any further signal processing after the 
integration can be conveniently per- 
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formed in software, since an interrupt 
rate of only | kHz can be accepted by 
any microprocessor. The accumulated 
data in the integrator has a resolution of 
12 to 14 bits, so any further software 
processing can be done without any 
loss of quantisation accuracy nor 
processing speed of a general-purpose 
16-bit microprocessor. 


Dedicated hardware is also required for 
the generation of the local signal rep- 
lica. Carriers or rates are conveniently 
generated in Numerically Controlled 
oscillators (NCOs). An NCO includes a 
digital adder and an accumulator. In 
every clock cycle, a constant represent- 
ing the desired output or rate is added 
to the accumulator. If an analogue 
output were desired, the accumulator 
content could be fed to a ROM contain- 
ing a sine table and then to a D/A 
converter, forming a direct digital fre- 
quency synthesiser. 


In a 1-bit DSP navigation-receiver the 
sine table and D/A converter are not 
required. Since the DSP hardware oper- 
ates with 1-bit data, it is sufficient to 
take the MSB of the NCO accumulator 
as the frequency output. Two NCOs are 
required: on for the carrier frequency 
and another for the code rate. The 
code-rate NCO supplies the clock to a 
code generator like the ones shown on 
Fig.8 or 10. The output of the code 
gencrator is exclusive-or gated with the 
output of the carrier NCO to produce a 
BPSK-modulated satellite signal rep- 
lica. 

Of course both NCOs have to be 
accurately steered to the required fre- 


quency and phase to maintain lock on 
the incoming signal. The feedback 
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function can be performed by _ the 
microprocessor, since the feedback 
speed is very low: a 100 Hz update rate 
is usually fast enough. Finally, the NCO 
frequency can be casily steered modify- 
ing the addition constant and the NCO 
phase can be easily steered modifying 
the accumulator content. In a time- 
multiplexed IF channel, both can be 
easily stored by the microprocessor and 
recalled when the channel hardware is 
switched back to the same satellite 
signal. 


From the technology point of view, a 
DSP IF channel can be built on an 
“Eurocard” size printed circuit board 
using just bare 74HCxxx logic. A single 
IF channel may also be programmed in 
a programmable-logic integrated circuit. 
Finally, the complete IF signal process- 
ing with 6 or 8 independent channels 
may be integrated in a single custom 
integrated circuit. Commercial! satellite 
navigation receivers use custom inte- 
grated circuits essentially to prevent 
unauthorised duplication. On the other 
hand, bare 74HCxxx logic is preferred 
for an amateur, home-made receiver. 
Hopefully programmable-logic ICs will 
some day become standardised and the 
necessary programming tools cheap 
enough to allow amateur applications. 


3.3. Multi-channel reception of 
navigation signals 


A satellite navigation receiver should 
be able to receive the signals from four 
or more satellites at the same time, to 
be able to measure time and Doppler 
differences. When the GPS specifica- 
tions were published back in 1975 [4], 
the digital computer was the largest and 


o 
most complex part of a satellite naviga- 
tion receiver. Both GPS and GLONASS 
receivers were initially intended to have 
several analogue IF processing chan- 
nels, one per cach signal type per 
satellite, Since these receivers were 
intended for military vehicles like 
fighter aircraft, tanks or battle ships, the 
price and complexity of several ana- 
logue IF processing channels was al- 
most unimportant. 


Early civilian GPS receivers also used 
analogue IF processing, although ini- 
tially limited to the C/A-code and one 
or two time-multiplexed IF channels, 
Time-multiplexing is difficult with ana- 
logue IF channels, since the latter have 
to reacquire lock cach time the satel- 
lites are changed. Lock Acquisition 
may take 15 to 20 seconds, so that the 
measurement loop through four or more 
satellites takes several minutes. These 
receivers were only suitable for station- 
ary or slowly-moving users. 


The introduction of DSP techniques and 
inexpensive computers allowed much 
faster multiplexing. Since the variables 
of a DSP circuit can be stored and 
recalled, a DSP IF channel does not 
need to reacquire lock each time it is 
switched to another satellite signal. A 
DSP IF channel is typically switched 
among satellite signals around a hun- 
dred times per second making the 
whole loop among all required signals a 
few ten times per second. Ilowever, 
because of the available signal-to-noise 
ratio, the navigation solution in a 
C/A-code receiver only needs to be 
computed about once per second. 


All current commercial GPS and GLO- 
NASS receivers use DSP IF processing. 
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Small handheld C/A-code receivers 
have one, two or three time-multiplexed 
iF channels. Mobile C/A-code receivers 
have 5, 6 or even 8 independent 
channels so that no multiplexing is 
required. Time multiplexing makes the 
carrier lock and Doppler measurements 
difficult and unreliable, so it is unde- 
sired in mobile receivers. 


Unfortunately, multi-channel GLO- 
NASS receivers require a wider raw 
signal IF and a much higher sampling 
rate due to the wide FDMA channel 
spacing. On the other hand, GPS receiv- 
ers require the same raw IF bandwidth 
regardless of the number of channels 
thanks to CDMA. The higher sampling 
rates required for GLONASS are a little 
impractical with currently available in- 
tegrated circuits. Maybe this is another 
reason why GPS receivers are more 
popular and GLONASS is almost un- 
known. Since faster ICs will certainly 
be available in the future, one can 
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Fig.13: GPS Receiver Block Diagram 
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expect that combined GPS/GLONASS 
Teceivers will become standard. 


In this article I am going to describe a 
single-channel C/A-only receiver using 
fast time multiplexing. This receiver 
can be built in two versions: GPS or 
GLONASS. Although both versions use 
the same modules as much as possible, 
this is not a combined GPS/GLONASS 
receiver yet. The main limitation of a 
single IF channel, time-multiplexed re- 
ceiver is that the maximum number of 
simultaneously tracked satellites is lim- 
ited to four or five, so that a combined 
GPS/GLONASS receiver does not make 
much sense. 


3.4. Practical GPS receiver design 


The block diagram of the described 
GPS receiver is shown on Fig.13. In the 
microwave frequency range, at L-band, 
the antenna needs a direct visibility of 
the satellites. Therefore it has to be 
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installed outdoor, on the vehicle roof or 
on top of a portable receiver. Due to its 
excellent performance, a half-turn quad- 
rifilar helix is used as a circularly 
polarised, hemispherical-coverage an- 
tenna. 


‘The LNA is installed directly under the 
antenna. Using two inexpensive GaAs- 
FETs it achieves 30dB of gain making 
any following (reasonable) cable loss 
almost unimportant. 


The GPS receiver includes a_fixed- 
tuned downconverter to a suitable IF, 
an IF amplifier and limiter, a dedicated 
DSP hardware, a MC68010 based mi- 
crocomputer with a small keyboard and 
a LCD display and a single master 
crystal oscillator for all frequency con- 
versions and sampling rates. The down- 
conversion from the GPS L1 frequency 
(1575.42 MHz) is made in two steps for 
convenient image filtering. The first 
wide IF is in the 102 MHz range and 
the second wide IF is in the 10 Mflz 
range. The wide IF bandwidth is set to 
around 2 MHz. The actual value of the 
wide IF bandwidth is not critical, since 
filtering is only required to prevent 
spectrum aliasing in the signal sampling 
circuit. 


A frequency of 6139 kHz was selected 
as master crystal oscillator frequency of 
the described GPS receiver, since the 
best TCXOs are usually available for 
the frequency range between 5 MIIz 
and 10 MHz. 


The output of the 6139 kHz master 
oscillator is used both as the sampling 
frequency for the IF A/D conversion 
and as an input to a chain of multiplier 
stages to supply all of the frequencies 
required in the downconverter. Limiting 


+ 
the temperature range from 0 to 30 
degrees C, as encountered during nor- 
mal receiver operation, the TCXO was 
replaced by a much less expensive 
conventional crystal oscillator in all of 
the prototypes built. 


Sampling the 10 MIlIz wide IF signal 
with 6139 kHz produces a third down- 
conversion to a 2303 kHz nominal 
centre frequency. The latter is the final 
carrier frequency that needs to be 
regenerated in the dedicated DSP hard- 
ware. The dedicated DSP hardware is 
designed as a microprocessor peripheral 
with read and write registers and is 
interrupting the MC68010 CPU once 
every millisecond to match the GPS 
C/A-code period. 


In the portable, stand-alone GPS _ re- 
ceiver, the operating software is stored 
in a compressed form in a 32kbyte 
EPROM. After power-on reset, the 
software is decompressed in 128kbytes 
of battery-backed CMOS RAM, which 
is also used to store the system almanac 
and other data to speed-up the acquisi- 
tion of four valid satellites, For the 
same reason the CPU also has access to 
a small battery-backed real-time clock 
chip. 


A small 8-key keyboard is used to 
select the various menus of the operat- 
ing software and manually set some 
receiver parameters if so desired, ‘The 
portable version of the GPS receiver is 
using a LCD module with integrated 
driving clectronics and two rows of 40 
alphanumeric (ASCII) characters each, 
to display the receiver status, the alma- 
nac data or the results of the navigation 
computations. 
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3.5. Practical GLONASS receiver 
design 


The block diagram of the described 
GLONASS receiver is shown in Fig.14. 
The GLONASS receiver uses the same 
type of antenna and LNA and the same 
dedicated DSP hardware and micro- 
computer as its GPS counterpart. The 
main difference between the two re- 
ceivers is in the downconverter. The 
GLONASS receiver includes a tuneable 
downconverter, otherwise the wide 
FDMA channel spacing would require 
impractically high sampling rates in the 
dedicated DSP hardware. 


The downconversion from the GLO- 
NASS LI frequency range (1602 to 
1615.5 MHz) is made in two steps for 
convenient image filtering. To reduce 
group-delay variations, the first conver- 
sion is made tuneable and the second is 
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fixed. .n this case the only contribution 
to group-delay variations across the 
GLONASS L1 frequency range are the 
tuned circuits at 1.6 GHz. Group-delay 
variations introduce errors in the meas- 
ured time differences, so they immedi- 
ately affect the accuracy of a naviga- 
tion receiver. This problem does not 
exist in a GPS receiver, since all GPS 
satellites transmit on the same carrier 
frequency and any signal filtering pro- 
duces the same group delay on all 
satellite signals that exactly cancels-out 
when computing the differences. 


Both wide . Fs are fixed tuned at 118.7 
MIfz and 10.7 MHz respectively. To 
avoid any group-delay variations in the 
wide .Fs, the frequency synthesiser 
steps must accurately match the channel 
spacing so that all signals are converted 
to the same .F values. Finally, the .F 
limiter should not introduce a variable 
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Fig.14: GLONASS Receiver Block Diagram 
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delay as the input signal strength is 
changed when switching among chan- 
nels. The second wide IF signal at 10,7 
MHy, is sampled with 4500 kHz produc- 
ing a third downconversion to a nomi- 
nal centre frequency of 1687.5 kHz. 


There are several difficult-to-mect re- 
quirements for the frequency synthe- 
siser supplying the signal for the first 
conversion. This synthesiser has to 
provide a clean signal in the frequency 
range from 1483 to 1497 MHz in steps 
of 562.5 kHz. Its phase noise should be 
low cnough to allow carrier lock and 
50bps navigation data demodulation: its 
spectral linewidth should be about 10 
times narrower than required in a voice 
SSB receiver. Finally, in a time-multi- 
plexed, single-channel receiver the syn- 
thesiser should be able to switch and 
settle to another frequency in less than 
1 ms the GLONASS C/A-code period, 
to avoid increasing the switching dead 
time. 


The frequency synthesiser is a PLL 
with a frequency converter in the 
feedback loop, to decrement the divider 
modulo, increase the loop gain, speed- 
up the settling and improve the output 
phase noise performance. ‘The feedback 
signal is downconverted to the fre- 
quency range 25 to 38 MIHIz, so that a 
very low programmable loop-divider 
modulo between 45 and 69 is required. 
The comparison frequency is set to 
562.5 kHz. 


A well-designed PLL will settle in 100 
to 200 clock periods of the comparison 
frequency and the described PLL 
achieves this performance with a set- 
tling time between 200 and 300 micro- 
seconds. 


oe 
The described GLONASS receiver is 
using a master crystal oscillator at 
18.000 MHz. This frequency is multi- 
plied by 6 to obtain the 108 MHz signal 
required for the second conversion and 
by 81 to obtain the 1458 MHz signal 
required for the PLL feedback-loop 
conversion. ‘The master oscillator fre- 
quency is divided by 4 to obtain the 
4500 KHz sampling frequency and by 
32 to oblain the 562.5 kHz PLL 
reference frequency. Like in the GPS 
receiver, in place of an expensive 
TCXO conventional crystal oscillators 
were used in all of the prototypes built, 
limiting somewhat the operating tem- 
perature range. 


In the described GLONASS receiver, 
the microcomputer has one function 
more. Besides controlling the dedicated 
DSP hardware, keyboard and LCD 
display, all identical to the GPS coun- 
terparts, the microcomputer has to set 
the frequency synthesiser when switch- 
ing among channels. ‘he operating 
software is very similar to that in the 
GPS receiver and has the same hard- 
ware requirements: 32kbytes of 
EPROM, 128kbytes of battery-backed 
CMOS RAM and a_battery-backed 
real-time clock. 


3.6. GPS/GLONASS dedicated DSP 


hardware design 


Although the theory of operation of an 
1-bit DSP GPS or GLONASS receiver 
has already been discussed, the practi- 
cal implementation still offers many 
different choices and some additional 
problems to be solved. For example, 
from the theoretical point-of-view it is 
unimportant whether the code lock or 
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the carrier lock is achieved first. In 
practice, the code lock should be 
achieved first and should be completely 
independent from the carrier lock, both 
to speed-up the initial signal acquisition 
and to avoid loosing lock at short signal 
dropouts (obstructions, fading) or re- 
ceiver frequency reference instabilities, 


The block diagram of the practically 
implemented GPS/GLONASS dedicated 
DSP hardware is shown on Fig.15. 
Although the implemented hardware is 
intended for a single channel, time 
multiplexed operation, it differs signifi- 
cantly from the theoretical block dia- 
gram shown on Fig.12. The main 
difference is that there are four signal- 
despreading mixers (multipliers, cx-or 
gates) and four integrators (counters) 
for one single channel. 
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In practice, two scparate signal-d- 
espreading mixers are required when 
downconverting to a narrow IF of 
almost zero. The mixers are driven with 
the same satellite signal replica, modu- 
lated with the same code, but with the 
carriers in quadrature. In this way no 
information is lost after signal de- 
spreading, downconversion and integra- 
tion. The code lock can be made 
completely independent from the carrier 
lock, since the narrow IF signal ampli- 
tude-can be computed out of the I and 
Q integration sums without knowing the 
cartier phase. The same |] and Q 
integration sums are used in a different 
way to achieve carrier lock and extract 
the 50bps navigation data. Due to the 
low sample rate (1 kIIz) the latter are 
conveniently performed in software. 
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Fig.15: GPS/GLONASS dedicated DSP Hardware Block Diagram 
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Although code lock may be maintained 
by dithering the locally generated sig- 
nal replica, two separate narrow IFs for 
an “early” and a “late” local signal 
replica provide a 3dB improvement in 
the signal-to-noise ratio on time-delay 
measurements. The former solution, 
code dithering, is usually used in 
receivers with an analogue narrow IF, 
since it is difficult to build two identi- 
cal circuits in analogue technology, The 
Jatter solution is used in receivers with 
a DSP narrow IF, since DSP circuits 
perform the same numerical operations 
and are therefore mathematically identi- 
cal. 


To achieve the 3dB_ signal-to-noise 
improvement, two separate sets of I and 
Q_ signal-processing chains for the 
nearly” and “late” signal replicas need 
to be used. This brings the total number 
of signal-despreading mixers and inte- 
grators to four. Of course the local 
signal replica generation includes the 
generation of four different signals: 
I-EARLY, Q-EARLY, I-LATE — and 
Q-LATE. All these signals can be 
obtained from a single carrier and code 
generator, since they are merely de- 
layed versions of the same signal: either 
the carrier or the code or both are 
delayed. In DSP, delays can be easily 
obtained with shift registers, 


On the other hand, the local satellite 
signal replica generation can be simpli- 
fied with a look-up table. Since the 
integration period is 1 ms and the input 
sample rate is 6139 kHz (GPS) or 4500 
kHz (GLONASS), there are only 6139 
or 4500 different bits to be stored in the 
look-up table for each despreading 
mixer and integrator. The look-up table 


Ay 
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is written by the microcomputer since it 


does not need to be updated very 
frequently. 


The carrier frequency only needs to be 
updated less than once per minute while 
the carrier phase can be adjusted in 
software since both I and Q integration 
sums are available. The code rate docs 
not need to be adjustable if the code 
phase can be corrected every 10 milli- 
seconds, For the latter reason the code 
phase is made adjustable in hardware 
by a variable-delay circuit. 


The variable-delay circuit used to ad- 
just the code phase also brings a 
disadvantage. The carrier frequency can 
only be adjusted in steps of | kHz, since 
the carrier phase should be continuous 
when the address counter reaches the 
end of the look-up table and is reset 
back to the beginning. The carrier 
frequency error can therefore reach +/- 
500 Hz and although it is compensated 
in software, it degrades the sensitivity 
of the receiver by up to 4dB (at +/- 500 
Hz error). 


There are several ways to avoid this 
problem, like two separated code and 
carrier look-up tables or a double- 
length table with a presettable address 
counter. However, in practice the sim- 
plest circuit was preferred in spite of 
the 4dB sensitivity penalty. Both GPS 
and GLONASS receiver prototypes are 
therefore using the simple look-up table 
generator described above. 


The local signal replica generation also 
explains the choice of the input sam- 
pling rates and wide IF nominal centre 
frequencies. Ideally, to avoid spectrum 
aliasing the wide IF nominal centre 
frequency should be equal to 1/4 of the 
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sampling rate or any odd multiple of 


this value: 1536 kHz for GPS or 
1125 kHz for GLONASS. 


In practice 6139 kHz was selected as 
the sampling rate for the GPS receiver 
to avoid interference with the GPS 
C/A-code rate (1023 kiHz), since the 
described look-up table generator main- 
tains a fixed phase relationship between 
the code transitions and sampling rate. 
Considering the various conversion fre- 
quencies obtained from the same 
source, an IF of 2303 kHz resulted after 
signal sampling. 


In the GLONASS receiver, any interfer- 
ence between the sampling rate and 
code rate are unimportant since all 
satellites use the same C/A-code. The 
sampling rate of 4500 kHz was chosen 
for convenience. Considering the opera- 
tion of the frequency synthesiser, the 
final wide IF value could be chosen in 
562.5 kHz steps. The value of 1687.5 
kHz was selected to avoid some spuri- 
ous frequencies generated in the synthe- 
siser. 


Finally, the described dedicated DSP 
hardware always requires the support of 
a microcomputer. The latter should 
compute and load the look-up tables 
first. After each interrupt request (every 
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millisecond) the microcomputer reads 
all four integrated sums. From the I and 
Q components it computes the early 
and late magnitudes used to search and 
maintain code lock. The code phase 
required to maintain lock is at the same 
time the result of a time-delay measure- 
ment, referenced to the receiver clock. 
The difference of two such measure- 
ments is a parameter of a navigation 
equation. 


On the other hand, the T average and Q 
average are supplied to a Costas-loop 
demodulator to recover the carrier and 
demodulate the SObps navigation data 
bits. Then the subframe or line sync is 
detected to format the data stream and 
check the parity bits before the naviga- 
tion data is used in the computations. 


10. 
LITERATURE 


All literature references in this article 
are to be found on page-77 of issue 
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Radio-Astronomical 


Experiments in the 


70cm Band 


At the 1990 VHF-UHF Congress, 
Hermann Hagn - DK8CL - presented 
the first results obtained from _ his 
amateur radio telescope using a 3m 
mirror. The following article demon- 
strates how, by using a different 
signal processing technique, you 
yourself can defect cosmic radio 
emissions using a single 19-element 
Yagi. 


1. 
SELECTING THE OBSERVA- 
TION FREQUENCY 


The stimulus to getting involved in 
tadio-astronomical experiments came 
from DK8CL’s paper at VHF-UHF 90 
(1), which investigated cosmic radio 
emissions in the frequency range 
around 1,72 GHz. Since not every 
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amateur has a fully mobile 3m mirror, 
the obvious question was whether you 
couldn’t also work with simpler Yagi 
aerials, With this in view, the first 
matter to be clarified is the optimal 
observation frequency. 


In the present state of receiver 
technology, extremely low noise factors 
can be easily attained, even in the 
gigaHertz range, so that no clue can be 
derived from this. In the end, the 
thermal noise from the receiver instal- 
lation is caused by the “black body 
radiation” which all warm bodies tran- 
smit, and the spectrum distribution of 
which is described by Planck’s law of 
radiation. 


In the high-frequency and microwave 
ranges, we describe the noise properties 
of an amplifier in terms of the noise 
temperature. The noise output of an 
ohmic resistance is described using the 
known equation: 


Pr = kTyB 
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where 


k=  1.38*1023Ws/K Boltzmann 
constant 


To = Absolute temperature in degrees 


Kelvin 
B= _ Signal bandwidth in Hertz 


This is also known as the Johnson 
approximation. Here the noise output is 
independent of the frequency and is 
conditioned only by the temperature 
and the band width. The noise tempera- 
ture of an amplifier is the temperature 
of a moving load at the input, at which 
the amplificr noise is equal to the 
resistance noise. Even a few astronomi- 
cal objects, such as the Sun and the 
Moon, emit predominantly thermal ra- 
diation, corresponding to their surface 
temperature. Depending on the optical 
density of the object, we receive noise 
output densities which are either const- 
ant or rising with the frequency. 


Anyone wanting to know more about 
thermal radiation and how it can be 
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Radiation Properties of Astronomical Objects in the Microwave Range 


described mathematically will find 
further information in (2) and (3). Most 
radio-astronomical sources also gener- 
ate radiation through non-thermal proc- 
esses, such as synchrotron radiation 
from electrons moved in the magnetic 
field. Non-thermal radiation is chara- 
cterised by a power density which 
decreases as the frequency increases, in 
accordance with (4). Fig.l from (4) 
gives a much simplified picture of the 
spectrum distribution of thermal and 
non-thermal radiation sources. 


Apart from the Sun, the most powerful 
radio sources are mainly of non-thermal 
origin. So it seems sensible to choose a 
low observation frequency for our first 
experiments. The lower limit will be 
determined by the dimensions of the 
aerial and the level of interference from 
the atmosphere, domestic appliances 
and industry, which increases below 1 
GHz. Even professionals sometimes ac- 
cidentally include home-made in- 
terference signals in their measure- 


167 


Antenne 


OB TMV 
Fig.2: 


ments, and many “pulsars” have turned 
out to have their origins in an electric 
fence in a nearby pasture. 


So the author decided to carry out his 
experiments in the 70cm band. This 
frequency is not far from a standard 
radio-astronomical observation band 
(406 - 410 MITz). 


2. 
RECEIVER TECHNOLOGY 


Compensation voltage 
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A Radio-Astronomical Direct Receiver 


The simplest radio-astronomical re- 
ceiver, which is also the type used in 
(1), is shown in outline in Fig.2. After 
multiple amplification and frequency 
conversion, the input signal reaches a 
rectifier which demodulates the noise 
signal. The output voltage contains a 
large fraction stemming from the 
residual noise of the receiver instal- 
lation and a small, variable fraction 
from the radio source in space. So we 
subtract an adjustable DC voltage, 
which corresponds to the receiver noise 


Fig.3: A Radio-Astronomical Receiver as per the Compensation Principle 


(Dickie Receiver) 
168 


VHF COMMUNICATIONS 3/94 


6m RG214/U 


Diekle Switch 


Preamplifier 


b b D&D 
Ge&S0dB B=SMHz 


Fig.4: The Author's Dickie Receiver 
and greatly increases the difference. An 
RC module with a long time constant in 
the seconds range provides information 
on the static oscillations of the noise 
level, and the smoothed voltage con- 
trols the display instrument or the 
recorder. 


The disadvantages of this layout are 
obvious. If the noise reading of the 
receiver or its amplification oscillates 
to only a minimal extent, then this 
immediately shows through in the out- 
put as zero point drift. 


Since these problems were actually 
much more serious in the valve era, the 
radio-astronomer Robert Dicke, of the 
Massachusetts Institute of Technology, 
developed a solution in 1946, which is 
still called a “Dicke receiver” today. 
Fig.3 shows the outline layout. At the 


Square Wave Generator 


1Sm RG214/U 


f x SOOHZ 


OC-Milli- 
volt meter 


input of the receiver is mounted a 
switch, which periodically connects the 
receiver with the aerial or with a 
terminating load, At the receiver output 
is a second, synchronously operating 
switch, which continuously switches the 
inverted output voltage to the output- 
side low pass filter when the receiver is 
connected to the terminating load. 


Thus the receiver noise is periodically 
subtracted from the total signal. As can 
easily be comprehended, a (slow) 
change in the receiver noise factor has 
essentially no effect on the measure- 
ment, and an amplification drift in- 
fluences only the size of the reading, 
not the zero point. 


A professional Dicke receiver can still 
detect signals which are 30dB below 
the noise! 
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A SIMPLE DICKE 
RECEIVER 


Fig.4 shows the author’s 70cm band 
experimental rig: a single 19-element 
Yagi (!) with app. 15dB gain powers 
the Dicke switch through 6m of RG214/ 
U. Naturally, it would have been more 
advantageous to mount the switch and 
the pre-amplifier directly on the aerial 
and not in the attic, and thus eliminate 
the 1.5dB cable damping, but in the 
development phase it’s more important 
to have an accessible installation lo- 
cation. 


The pre-amplifier is a five-stage former 
channel amplifier for television band 
{V, which was balanced at 435 MHz. 
Its first stage had been equipped with a 
CF300 to bring the noise factor down to 
values below 1dB. The Philips 
amplifier used, with high-quality, 
cleanly dimensioned, silver-plated shell 
circuits, was most suitable for this 
application. 


It is important here that the pre- 
amplifier should not oscillate, even in 
the case of a false adapted load at the 
moment when the switch is switched, 
since the high-frequency pulses which 
otherwise arise are controlled by the 
receiver downstream. The CF300 drain 
circuit thus has 100 damping and is 
only loosely coupled to the next circuit, 
The pre-amplifier has a band width of 
5 MHz and an amplification of about 
SOdB. 


The receiver used was the author’s 
spectrum analyser, which is operated in 
zero span mode. Switching to analyser 
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mode enables interference signals to be 
located rapidly. The second part of the 
Dicke switch is connected to the video 
output of the analyser and powers the 
display instrument, an analogue 
millivoltmeter. The switch cycle 
originates from a square-wave gencra- 
tor, c.g. a function generator, 


As can be seen, the receiver uses 
standard technology for the most part. 
So it’s only the unusual Dicke switch 
assemblies which require closer exam- 
ination. 


Fig.5 shows the high-frequency switch, 
which consists of two PIN diodes (type 
BA379 or BA479), which are control- 
led alternately by a zero-symmetrical 
AC voltage of about 10 Vss. The diode 
which is blocked at any time certainly 
sees only 0.7 V “blocking voltage” - 
namely the flow voltage of the conduct- 
ing diode. But no interference arises 
through capacitive inductive  distur- 
bance. 


It is important that the downstream 
pre-amplifier has a high pass filter at 
the input, since otherwise harmonics 
from the switching frequency modulate 
the operating point in such a way as to 
cause interference, 


The output side part of the Dicke 
switch is an operational amplifier, 
which can be wired up to the +1/-1 
amplification using a FET (5). The low 
pass filter after the switch has a 
limiting frequency of 1 Hz, so that the 
display function is not too sluggish if 
the acrial is manually set. The output- 
side pre-voltage potentiometer can be 
used to balance the display at zero if 
there is no signal (Fig.6), 
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4. 
RESULTS OF 
OBSERVATION 


In the first experiment, the solar noise 
was investigated without a Dicke 
switch. On various days, an increase in 
noise of between 3 and 4dB was 
detected. The variations can clearly be 
traced to varying environmental in- 
terference levels. The solar noise was 
then used to optimise the Dicke switch. 
The steadiest display was obtained 
using the maximum intermediate-fre- 
quency band width of the analyser (200 
kHz), a 500 Hz switch cycle, and a 
video band width of 1 kHz. The switch 
cycle turned out to be relatively uncriti- 
cal. The thermal noise from the warm 
ground can be satisfactorily detected by 
the measuring rig if the aerial is swung 
up from 0° elevation. 


Anyone reconstructing these results will 
straight away find a number of “susp- 


om 
Fig.5: 


The High-Frequency 
Switch at the 
Preamplifier Input 


ect” signals, all of which are of earthly 
origin. It is only at night or at the 
weekend that the author can carry out 
reasonable observations in a residential 
area. The daytime interference level 
during the week is far too high. Many 
weak little carriers can be detected in 
the evening, and these are probably 
interference signals from television sets 
in the form of cycle harmonics. As 
these are narrow-band interference 
sources, you can usually find a free 
segment of the band where there is no 
interference. 


Atmospheric inversion conditions with 
overshoots are unsuitable for observa- 
tions, since at such times the entire 
70cm band is occupied by weak signals. 
In case of doubt, the only thing that 
helps is to observe a signal for several 
hours, to see whether the source moves 
as the Earth rotates (15° an hour). 


So far the following objects have been 
observed (in late Summer and Autumn): 
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Fig.6: The Output-side Switch 


The strongest source, apart from the 
Sun, is the galactic centre in the 
constellation of Sagittarius. The 
maximum reading was obtained in the 
South at 20° elevation, towards 9.00 
p.m. Summer Time, at the end of 
August. Even at 0° elevation, the signal 
clearly rose above the thermal Earth 
noise. 


A very weak signal could be found at 
the same observation time from an 
Easterly direction at 70° elevation. It 
was about 14dB below the Earth noise. 
It was possibly the Cygnus A source in 
the Cygnus constellation. 


At about 10.30 p.m. one evening at the 
end of August, another very weak 
source was found below 20° elevation 
in the Northeast. It could be assigned to 
the Cassiopeia A source. 


A search for the thermal signal from the 
Moon and for emissions from the Crab 
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Nebula in Stier during January and 
February was unsuccessful. At the time 
of the search, the interference level in 
the 70cm band was definitely high. At 
100 MHz, the Crab Nebula is weaker 
by a factor of 10 than the strongest 
sources Cassiopeia and Cygnus. 


Following these encouraging results, 
obtained using the simplest of aerial 
installations, the author is planning to 
repeat the experiment with Yagis dim- 
ensioned for 408 MHz and with a 
Dicke switch/pre-amplifier mounted 
directly at the distributing point. 


In the 406 - 410 MHz reserved for 
radio astronomy, a low interference 
Jevel should be reckoned with. 
Moreover, a change in the QRIL should 
offer the possibility of using a 
professional two-axis rotating stand for 
the experiments. 
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APPENDIX: ESTIMATING 
THE SENSITIVITY OF THE 
RECEIVER SYSTEM 


According to the manufacturer, the 
19-element aerial used has a gain of 
15dB over a dipole, which corresponds 
to an aerial gain of 32. With a dipole 
absorption area of 


Ap = 0.13A2 = 6.37 + 102m 


we have a Yagi aerial absorption area 
of: 


Ay fe ae Ap = 32Ap = 2m? 


According to (6), the radio source 
Cassiopeia A supplies a power flow of 
S = 18600.10-26 W/m?Hz at 100 MHz. 
It can be estimated from (4) that the 
non-thermal radiation output of a radio 
source falls by 6.7dB per decade when 
the frequency rises. | Consequently, it 
is 4dB smaller at 430 MHz than at 
100 MHz, and amounts to S430 = 
7400.10-26 W/m?Hz. For a receiver 
band width of 200 kHz, the receiver 
acrial supplies a signal of: 


Ps = S430 ° Bs Ay 

= 7400 > 10-26 _W + 2m? + 2 - 105 Hz 

m2 + Hz 

=3-10'7W = -135dBm 
If the system noise temperature is 
assumed to be T = 500 K, which is 
credible on the basis of the cable losses 
between the pre-amplifier and the ae- 


rial, then the noise output of the 
receiver installation amounts to 


Pp = kToB = 1.38 - 1023(Ws/K) - 500K 
+2 + 10%(1/S) 


oe 


=14-1015W = -118dBm 


Consequently, the radio-astronomical 
signal is about 17dB below the thermal 
noise. 


The simple Dicke receiver is clearly 
able to detect signals which are 17dB 
below the inherent noise of the re- 
ceiver. Professional receivers attain val- 
ues above 30dB here. 
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Detlef Burchard, Dipl.-Ing., Box 14426, Nairobi, Kenya 


Logarithmic Converters and 
Measurement of their 


Characteristics 


Values with a wide range can be 
converted onto a logarithmic scale by 
means of a logarithmic converter, to 
make them easier to grasp. The 
accuracy, operative range and actual 
frequency required determine the 
choice of the appropriate circuit 
principle. 


1. 
INTRODUCTICN 


A significance increase in the use of 
logarithmic converters in the very re- 
cent past has probably been caused by 
the appearance of suitable integrated 
circuits. As examples, I could cite; 
Berberich (2), Jirmann (8), Schneider 
(9) and Zimmermann (12). The advan- 
tages of recording a reading on a 
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logarithmic scale are known: constant 
relative precision and a wide range of 
measurement, A measurement range of 
from 80 to 120dB is desirable in 
electro-acoustics and high-frequency 
engineering, for the readings lic over a 
range with this kind of width. The 
requirements for accuracy of measure- 
ment are usually not very high: + 1dB 
is often quite sufficient. But integrated 
converters can not attain this precision, 
modest as it is for measuring purposes. 


Logarithmic converters can operate on 
various principles. This article ignores 
those which operate using control proc- 
esses or oscillation feedback. The first 
type is too slow for use in spectrum 
analysers or wobblers, while (4) 
provides most information on the se- 
cond type. 


In order to be able to dimension and 
measure accurate logarithmic conver- 
ters, a sufficiently precise and sensitive 
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Yo =201g tsinxt“\y 
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100: 


signal source is required. We shall 
explain in detail how such a source can 
be casily provided by means open to 
amateurs, and how it is used. 


2. 
MODE OF OPERATION 


An analogue or digital gauge, an oscil- 
Joscope or strip chart recorder, is 
connected to the output of a logarithmic 
converter. The output must therefore 
supply sufficiently smoothed out DC, 


¥s * 201g (10° jsinx f) 
ys = 201g (10° sinx!) 
¥3 = 20lg (0? {sinx}) 
¥r = Wig {1071 sinx}) 
Ys = 201g (107 I sinx|) 


+ 
Fig.1: 


Basic functioning of 
a Logarithmic 
Rectifier, using the 
example of a Sine 
Curve 


and yet be able to follow changes in 
readings fast enough. So a rectifier and 
a low-pass filter are required. A single 
frequency is applicd to the converter 
input if a narrow-band application (in- 
lermediate-frequency section) or a sin- 
gle-tone measurement is involved. In 
other applications, the converter has to 
handle more than one frequency. There 
can be noise, or an additional signal in 
the useful frequency range. A second 
signal, which people tend to ignore, 
often stems from an_ insufficiently 
shielded oscillator in a receiver, the 
signal from which can falsify the 
measurement during wobbling using 
broad-band technology. 


Fig.2; 

9 Three types of 
Series connection 
for Logger, 
Rectifier and 
Low Pass 
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If we begin with the formal assumption 
that the input signal in the converter is 
distorted in a logarithmic function, then 
a mathematical difficulty immediately 
arises with the negative half-wave. The 
logarithm of negative values is imagin- 
ary and pluri-valent. [t’s not just a case 
of reversing the sign. The way out is to 
position the rectifier in front of the 
logger. Instead of a sine function, then, 
an lsin! function is fed into the logger. 
The output signal then looks like Fig.1. 
The multipliers used have been selected 
in such a way that the ordinates can 
also be interpreted as decibels (20.1g), 
whilst the input voltage is multiplied by 
ten, a hundred, etc.. The sine-form input 
voltage curve has been plotted only 
once. It goes with the input voltage 
curve, y2. So such a converter converts 
each momentary value for the input 
voltage into the correct momentary 
value for the output voltage. The output 
value changes by 20 units if the input 
value changes wy the factor 10. It is 
immaterial in this context whether we 
are looking at the momentary or the 
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Fig.3: 

A solution for the Low 
Frequency range as per 
Fig.2a, using Analogue 
Computational Circuits 


Fig.4: 
A solution for the High 


Diff. Amp & L. Pass Frequency range 


average value after a low pass, because 
all output curves are congruent. 


Complementary circuit engineering 
makes it possible to form logarithms 
from negative input values in all cases 
which are technically feasible. They 
then come out as negative values. The 
circuit element which correctly assem- 
bles the logarithms from the positive 
and negative half-waves is, once again, 
a rectifier. 


At high frequencies it becomes more 
and more difficult to carry out logar- 
ithmic distortion and to rectify momen- 
tary values with sufficient accuracy. 


Ug ~ log Ue 


Uo 


log-Ue ——+ 


Fig.5: Properties of Circuit in Fig.4 
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But there are rectifiers with a high 
frequency range and accurate loggers 
for low frequencies. Thus we finally 
obtain the three meaningful com- 
binations of logger, rectifier and low 
pass sketched in Fig.2. All three layouts 
are used and have their advantages and 
disadvantages. The layout in Fig.2a 
suppresses negative parts of the output 
function, which are shown as dotted 
lines in Fig.l. This combination thus 
has a function-determined threshold and 
additional errors with low input volt- 
ages, which correspond to the shaded 
area on the yl curve. The additional 
error can be avoided, in principle, by 
point rectification. Circuit b suffers 
from the fact that precise rectification, 
even at low frequencies, is possible 


Attenuator 


Amplifier 


DHeH ° 


Burchard 


o 


only for 4 decades, whereas logging can 
function with 9 decades. Its advantage 
is that it does not exhibit the errors 
referred to above. Combination c does 
not convert momentary values, But the 
rectifier can be created on an extremely 
broad-band basis, for example simply 
using high-frequency diodes. The 
logger, by contrast, needs to be 
designed only for the relatively low 
frequencies which the low pass lets 
through. The rectifier works in the 
quadratic or linear range and this means 
many characteristics which are 
expected from a logarithmic rectifier 
are missing, ¢.g. continuous rectifier 
selection, 


Fig.6: 

Successive Conversion: 
a) Parallel Circuit 

b: Series Circuit 


LGT - Logger - Rectifier - 
Low Pass, as Fig.4 
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a 
3. 
SPECIMEN CIRCUITS 


All the tricks of analogue computer 
technology can be successfully applied 
in the low-frequency range. The circuit 
laid out with operational amplifiers - 
Fig.3 - following the layout of Fig.2a 
will work in the voice frequency range 
if appropriate amplifiers are selected, 
together with rapid transistors and 
diodes, but will fail in the high- 
frequency range. We can now build a 
much faster, but also less complete, 
operational amplificr with a single 
transistor, A type of transistor for which 
fT = 5 GHz provides for an open-loop 
voltage gain of from 50 to 100 at 
approximately 50 MHz, falling on a 
linear basis at higher values. The circuit 
from Fig.4 will thus have the desired 
relationship between the input and 
output voltages only over a narrow 
range, perhaps 10 to 20dB. As long as 
the input voltage is too low to provide 
sufficient current for the logarithmic 
diodes mounted in the counter-coupling 


Fig.7: Successive Conversion using a 
Differential Amplifier, which 
is also very suitable for 
Integration 
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Fig.8: Properties of Circuit in Fig.7 
a. Output AC with rigerous 
limit 
b. Output DC in Quadratic 
Rectification Range 
¢c. Best Approximation Range 
d. Hyperbolic Tangent 
Transistion into Limit 
e. Rated curve 
f. Tolerable Error Range 


to the first transistor, the output value 
will rise on a linear basis. This 
expresses itself in the floating point 
representation of Fig.5 as part of an 
exponential function (1). If logging is 
used, a curved section is generated (II) 
with the desired form. Finally the 
amplifier is saturated and the output 
value becomes constant (III). 


In order to broaden the logarithmic 
range, several stages can be connected 
together to a successive converter, as in 
Fig.6. Parallel operation (Fig.6a) requi- 
res more components - additional 
dampeners and amplifiers. They can be 
operated over a wider frequency range 
than the Fig.4 circuit in every respect. 
The frequency range of the entire 
layout corresponds to that of the in- 
dividual stage. The output values for all 
the grades are collected together in a 
summation circuit. A joint low pass in 
the adder can also be used, instead of 
the individual low-passes. 
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In series operation, the amplification 
available in each stage is used to 
provide amplified voltage for the next 
stage. The connection is at the 
“auxiliary output” point in Fig.4. No 
additional components are now 
necessary. But the frequency errors of 
all stages are added together, which 
leads, above all, to low input values. 
This can be clearly recognised in a 
converter by Braubach which works on 
this principle (3). But if it is a case of a 
narrow-band application, as with Berbe- 
rich (1), then a frequency cycle error 
has no significance. The converter is 
optimised for the operating frequency. 
It is also important that conversion does 
not occur instantaneously in such a 
converter. So here too you can’t expect 
all the advantages of logarithmic rec- 
tification. 


There are more practical circuits for 
series operation, which work with 
differential amplifiers. The principle 
can be seen in Fig.7, and the cal- 


+ 
culations can be found in Tietze and 
Schenk’s work (10). The circuit is 
suitable for integration and so it (or 
something similar) is used in all the 
more recent intermediate-frequency in- 
tegrated circuits. The equipment-build- 
ing industry has customised circuits 
based on this principle, to which radio 
amateurs have no access. They can only 
build rigs from discrete components, as 
per Jirmann (7), or use first-generation 
IC’s, which contain precisely the tran- 
sistors required; that gives better com- 
patibility for the characteristics and 
causes fewer temperature problems. 
Such a solution is several degrees better 
than using an intermediate-frequency 
IC if improved accuracy is the goal. 


An emitter follower (b) can simply be 
connected to the differential amplifier 
(a) in Fig.7, in order to de-couple the 
AC, or else a Townsend current rec- 
lifier (c), made of two. emitter 
followers, can be connected up (c). The 
total outputs of all stages are fed into 


Fig.9: 

Construction of 
Conversion 
Characteristic for 
Series Connection of 
stages as Fig.7 
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appropriate summation circuits. The 
total of all AC values is the momentary 
logging of the input voltage. The total 
of all DC increases (ie. if the 
Townsend currents are subtracted) 
corresponds to the mean arithmetical 
value for the rectified AC currents. 


Whilst for the first total it is a 
requirement that the phase displacement 
between the various stages is insignifi- 
cantly small, this requirement does not 
apply to the DC total. ‘The only require- 
ment here is that the amplitude displac- 
ement in the useful frequency range is 
insignificant. The frequency range is 
thus not determined by a rigorous phase 
requirement but by a less rigorous 
amplitude requirement. 


Several stages as per Fig.7 form a 
successive converter, with many proper- 
ties of the circuit contributing to its 
conversion characteristics. Initially, the 
stage amplification can be selected 
which is given by the ratio 
Re: (Rp + 2° UT/I,) (Uy, temperature 
voltage = 26 mV). The characteristic 
gradient thus obtained is shown as a in 
Fig.8 and corresponds to an ¢-function 
in the floating point representation. If 


Square-Law Uy ~P, Pets 
Rectifier lial 
x 
~ 
Poutz * Pstie 
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Fig.10: 

Logger after the Diode 
Rectifier for a layout as 
per Fig.2¢ 


lee. 
> 

the level contro! reaches a height at 
which the IC attains the combined 
constant emitter current, I,, the output 
voltage can increase no further. This is 
shown by the fact that the characteristic 
bends into a horizontal line. The rec- 
lifier has a quadratic and a linear range, 
just like diode rectifiers. The quadratic 
range causes the a curve to drop in the 
left-hand area as soon as the b curve 
appears. This creates a better range of 
best approximation, which is shown as 
c. 


Finally, the transition at the limit is 
right-angled only if Rp is quite large. If 
Rp = 0, the transition is a hyperbolic 
tangent (tan h) function. All practical 
cases lie between the extremes and 
contribute to a rounding up, d, so that 
finally a rather wide range is created 
with a sufficiently low error, f. 


It is up to the skill of the circuit 
developer how he or she combines the 
various options into a conversion 
characteristic which is as straight as 
possible. A five-stage converter for 
80dB can be obtained as per Jirmann 
(7) with an error of + 2dB. Constructing 
the conversion characteristic as per 


U2 ~ Pautz 7 
j Fig.11: 


pt > | om f i Elimination of the display 
of Interference after a 
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Quadratic Rectifier 
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Fig.9, without taking in the rounding up 
effects, gives an error of t 3dB at a 
stage gain of 20dB. 


Halving the stage gain will reduce the 
error to %. It is thus not that much of a 
problem to develop successive conver- 
ters with errors of considerably less 
than = 1dB using this principle. 


Converters of this type will have a 
frequency range of a few MHz in a 
discrete format. Nowadays integrated 
‘circuits are manufactured with faster 
and faster processes. Thus the relatively 
new IC NE604A, it is said, can be used 
with approximately constant properties 
from the low-frequency range up to 
21.4 MHz (13). Similar values can be 
obtained using transistor arrays if the 
transistors they contain guarantee 
f;, > 500 MHz. 


The layout in Fig.2c is particularly 
suitable for expanding the frequency 
range upwards, because it is still only 
the rectifier which needs to be dimen- 
sioned for the high frequencies. Even 
with reasonably priced diodes, 
100 MHz can easily be obtained, whilst 
special diodes can even operate at up to 
10 GHz. The characteristic of such 
diode rectifiers has a bend in it, with a 
quadratic range below 2.Uy and a linear 
range above it. It is not generally 
known that such a characteristic, the 
reasons for which are explained in (5), 
can be precisely logged, The circuit for 
this is shown in Fig.10 and should be 
briefly explained. 


As long as the current supplied by the 
rectifier, Ip, is smaller than 1,, D1 acts 
as a Townsend current diode with a 
constant voltage drop. The logging can 
be carricd out through a known process 


Fig.12: Spectrum Analyser display 
for various types of Rectifier: 
a. Logarithmic 
b. Linear or Square-Law 
Rectifiers 


in Tl. If Ip is larger than 1,, then DI 
acts as an additional logger. The conve- 
tsion gradient becomes twice as steep. 
11 should therefore be selected to be as 
large as the current value supplied by 
the rectifier during the transition from 
the quadratic to the linear range. Toget- 
her with |, and 1;, diodes D2 and D3 
provide for temperature compensation 
over the entire conversion range and 
allow the zero point of the output 
voltage to be established for any rec- 
tifier current, Ip, desired. For T1, and 
for D1 to D3, it is advantageous to 
select a transistor array in which three 
transistors are wired up as transdiodes 
(top right in Fig.3). The connection 
between basis and collector eliminates 
the influence of the extrinsic base 
resistance within the transistors, and we 
have more of an ideal diode. You can 
find another solution to the same 
problem in Vieland (11). 
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4. 


INFLUENCE OF TYPE OF 
RECTIFIER 


A logarithmic rectifier has infinite rec- 
tifier selection, i.e. it ignores all smaller 
signals. So it is initially irrelevant 
whether it is first rectified and subse- 
quently logged or vice versa. It is 
necessary only for the momentary value 
to be correctly converted at all times. 
Nor does it have any importance 
whether the rectifier evaluates the peak 
value or the area under the curve 
following a logger, as long as you just 
disregard the additional inaccuracies of 
junction rectification for low input 
signals. However, the point rectifier 
must be capable of following the differ- 
ential frequency between the useful 
signal and an interference signal, which 
is certainly easier to achieve for nar- 
row-band applications than for broad- 
band converters. 


A quadratic rectifier supplies an output 
value which corresponds to the total of 
all input power values. There is no 
rectifier selection. But this behaviour 
can also be put to profitable use. The 
interference oscillator or the noise dur- 
ing the wobbling in receivers can create 
a raised (i.e. false) base line. This can 
be remedied by a circuit as per Fig.11. 
During the beam feedback, the wanted 
signal generator is switched off and the 
switch Sch is closed. The capacitor, C, 
is then charged with the voltage corre- 
sponding to the interference power 
level. If Sch is now opened and the 
wanted signal is switched on again, 
then the output voltage, U,, no longer 
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contains the interference signal fraction. 
The process functions with interference 
voltages of upto 2+ UpV2= 40 mV, 
The second amplifier must have very 
low offset voltage and bias current 
values. 


With regard to its properties, the linear 
rectifier lies between logarithmic and 
quadratic equipment. In a layout such 
as Fig.2c, you will scarcely notice any 
difference, because the logging in the 
linear range has a gradient twice as 
steep. An interference signal of the 
same value as the wanted signal dou- 
bles the output value in the quadratic 
range. In the linear range, it is initially 
multiplied only by V 2 (3dB), and the 
doubling of the gradient makes the 
same change out of this as in the 
quadratic range, 


It is much easier to look at the 
variations between rectifiers on the 
screen of a spectrum analyser (Fig.12) 
than to wade through a long descrip- 
tion. It is known that the ideal analysis 
filter, based on the best resolution and 
the fastest frequency changes, has a 
round cone and a form factor of 60: 
3dB of 4.4. Thus two spectrum lines are 
ideally represented when they are like 
the thin lines in Fig.12. 


The total picture obtained from a 
logarithmic rectifier is shown by the 
thick lines. In the area of the cone, it 
follows the strongest signal at any time. 
A slight rounding up occurs in the 
vicinity of the picture noise, due to the 
stochastic nature of the noise voltage. 
Linear and quadratic rectifiers generate 
the dotted line curve. The analyser has 
clearly lost some resolution! In the 
vicinity of the noise, the level indicated 
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is far too high, which may possibly not 
be recognised if the video filter for the 
cut-off frequency has been selected 
with too low a value. 


S; 
MEASUREMENT OF 


CONVERTER PROPERTIES 


The usual method of testing a logarith- 
mic converter is to connect a signal 
generator in scrics and alter its output 
voltage in defined stages. It is worth 
having a look at the guaranteed data of 
the generator first, Using very precise 
equipment, you may be able to use 
precise stages of, for example, 0.1dB. 
The absolute tolerance can be set 
within + 1dB. I’ve still never seen a 
specification providing for the mo- 
notony in stages we expect from every 
10-Mark D/A converter! Sometimes, 
when precise stages are being used for 
through switching, another coarse at- 
tenuator is wired up, and the + 1dB 
tolerance initially present can then 
become - 1dB. M.a.W., the monotony is 
20 LSB! Such a generator is not 
suitable for measuring a logarithmic 
converter within which there are rated 
errors of + 1dB. 


Here it is certainly more appropriate to 
modulate the signal generator using 
AM, which finally also co-rresponds to 
changing the amplitude by a small 
amount. If we now let the output 
voltage hunt through the area of interest 
(for which no more accurate calibration 
divider is required - a Preh 110 attenua- 


oe 
tor can do it too), then it is casy to find 
the point of deviation from the ideal 
gradient, in the shape of a change in the 
steepness of the conversion characteris- 
tic. On top of that, constructing the 
entire gradient as the integration of the 
steepness gradient is difficult. 


So if the gauging industry can be of no 
further use to us, we have to fall back 
on physical principles. There is a law of 
nature which can provide us with all 
amplitudes in precise stages over a very 
wide dynamic range in fractions of 
seconds: decaying oscillation. Czech (6) 
used decaying oscillation to measure 
the quality of oscillation circuits. This 
led me to the idea of using the same 
process as a signal source for testing 
logarithmic converters. 


An oscillation circuit made up of the 
components L, C and R will oscillate as 
long as all these components are con- 
stant, in such a way that successive 
amplitudes are always in the same ratio. 


O=in— oe = = (1) 


A, +1 Q 


applies for the logarithmic decrement, 
8.. For the natural logarithm, we can 
also write: 


Zi. = 1059S (2) 
A, +1 


A, +1 


In 


As 20 + IgAn/An + 1 can also be 
referred to as A A/dB, we get 


+ 20 3 
KB AR ee GB) 
In l0-Q Q 
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For a circuit quality of 50/100/200/500, 
successive amplitudes have differences 
of 0,546/0,273/0.1365/0.0546dB. Recti- 
fication, which lets the peak negative 
value appear between two peak positive 
values, halves the stage height. With 
thoroughly achievable circuit Q values 
of between 100 and 200, we get a 
grading which leaves nothing to be 
desired. 


Attenuation is complete when the am- 
plitude has fallen below the noise 
voltage of the oscillation circuit. With a 
sufficiently high input voltage, U,,, a 
decay range of 100dI3 can easily be 
obtained. The noise voltage, U,, is 


U, = V4°k°T*A f.' Re) (4) 
where: 
k = Boltzmann constant 

1-38 + 1023W/K 


T = Absolute temperature. 


With the noise band width A f,, 


A fr =A fap * 
2+sinp /2 


= 157A f3ap (5) 


Three different oscillation circuits are 
used for the measurements described 
below. The first, with a relatively low 
frequency, came about because a suit- 
able coil was in the DIY box. The other 
two correspond to common intermedi- 
ate frequencies. Table 1 lists the rel- 
evant oscillation circuit data. Apart 
from the values for L and C, the values 
calculated using the above formulae for 
the logarithmic decrement, 8, the ampli- 
tude stage, A A, the 3dB and noise band 
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widths, A f3qp and A f,, the resonance 
resistance, R,,,, the noise voltage, U,, 
the initial voltage, U,,. for 100dB 
oscillations, the number of oscillations 
above 100dB, n, and the time for the 
attenuation process can be obtained. 


The action of the oscillation circuit is 
triggered by a pulse. Fig.13 shows a 
suitable circuit. The capacitor, C,, is 
loaded with an adjustable voltage. This 
is done slowly through a_ high-level 
resistance, so that no significant energy 
excitation is linked into the oscillation 
circuit. If the switching transistor is 
now energised, then the energy stored 
in C, is transferred to the oscillation 
circuit, Suitable values for C; can also 
be obtained by means of Table 1. 


The switching transistor remains live 
during the decaying period. Its low 
“On” resistance prevents additional 
losses in the oscillation circuit. Since 
C, is now parallel to C, the oscillation 
frequency becomes somewhat lower, 
This process can be repeated periodi- 
cally if the circuit has enough time to 
decay and if C, is again fully loaded. 


To avoid any stress on the oscillation 
circuit, the voltage is derived through a 
complementary source follower, which 
of course contributes some noise of its 
own, Should the resonance resistance 
not be very high and the load not 
particularly small, you can even de- 
couple directly from the coil, using 1 or 
2 coupling windings; alternative output 
in Fig.13. 


This simple de-coupling can be used 
without any additional equipment in the 
measurement of an NE604A at 450 kHz 
or 10 MHz. 
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Table 1 


29mH 
RM 10 Shell Core 


30nF Styroflex 


300 
0.0105 
0.091 
18/28.3 Hz 
300kQ 
0.37 V 
37mV 
1100 
230ms 
InF Styroflex 


Capacitor C 
Q 


log Decrement 9 
A A/dB 

A fsap/ A ft, 
Rres 

U, 

U,, for 100dB 


an 


n for 100dB 
Time for 100 dB 
Coupling C, 


For an initial test of the process, I took 
a low-frequency voltmeter which has a 
successive converter for the linear dB 
scale, with stages similar to lig.7. Since 
it has a high input resistance of | MQ, I 
didn’t even need a source follower. 
A brief square pulse from a function 
generator was used to trigger the action 
of the 5.4 kHz oscillation circuit. It can 
be seen in the top beam track in Fig.14. 


Alternative 
Output 


Resonant Frequency 


450 kHz 


28 Wdg 0.8 Cul, 
Ring T94-Mix | 
Amidon 


8 Wdg 1 Cu Silvered 
Ring T-94 Mix 1 
Amidon 


10nF Styroflex 
175 
0.018 
0.156 
2.57/4.04 kHz, 
6.2kQ 
0.63V 
63 mV 
640 


5 x L00pF Ceramic | 
150 
0.021 
0.182 
66.7/1.5 kHz 

4.8kQ 

2.85 LV 

285 mV 
550 
55s 

47 pF Ceramic | 


1.4ms 


1 nf Styroflex 


The best energy excitation is provided 
by a pulse length equal to half the 
oscillation period (93 \s.). So in this 
special case no circuit as per Fig.13 is 
needed. But it is always to be recom- 
mended when the frequencies are high 
and when the load can not be estimated 
with sufficient precision. The lower 
beam track in Fig.14 shows the first ten 
oscillations. The grading and the circuit 


“" Fig.13: 


Circuit for Generating 
Decaying Oscillations 


CP) BFTWo.d 


Burchard 
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Fig.14: The First Ten Decaying 
Oscillations 
Yi: 2V & Y2: 100mV/div 
X: 20ms/div 


Q values can be determined from the 
reduction in amplitude using equation 
(1). Fig.15 shows the entire decaying 
process, with the voltage at the AC 
total point of the converter above and 
the input voltage below. Considerable 
improvements can still be made to the 
resolution. 


For Fig.16, the zero line has been 
displaced to the bottom edge of the 
picture and the Y amplification has 


Fig.16: Better Resolution of 
Log Curve from Fig.15 
Y: 50mV (0 at bottom edge) 
X: 20ms/div 
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Fig.15: Testing a Five-Stage 
Converter similar to Fig.7 
Y1: 200mV & Y2: 100mV/div 
X: 20ms/div 


been quadrupled. Now we can recog- 
nise a lot of details. The converter has 5 
stages and works over a range of 50dB. 
There are thus 5 clear levels to distin- 
guish, at each of which one stage 
reaches its limit. 


The limiting level for the earliest stage 
in the converter lies somewhat above 
the initial voltage. The conversion char- 
acteristic forms a wave curve, which 
always indicates a wave peak at the 


Fig.17: Still Higher resolution using 
Timebase Sweep and further 
increased Y amplifications; 
both axes 2dB/div 
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Fig.18: Measurement of an NE604A 
at 5.4 kHz 
Y1: 200mV & Y2: 100mV/div 
X: app. 35ms/div (20dB/div) 


point where a stage comes to an end, 
with a wave trough in between peaks. 
This correlates with the curve plotted in 
Fig.9. 


To measure the curve exactly, the time 
scale has to be correlated with the flat 
dB stages. To this end, we start from 
Fig.14 or 15 and alter the time base in 
such a way that the amplitude of the 
decaying oscillation falls by 10 or even 
20dB over the full screen, correspond- 
ing to 31.6% or 10%. We have then set 
1 or 2dB per division and can now 
select 5, 10 or 20dB/division by switch- 
ing the coarse staging of the time base. 
Fig.17 shows a high resolution, in 
which the Y amplification has been 
altered in such a way thai the curve 
drops below 45° in the centre. Thus the 
errors of this converter can be measured 
at + 0.6dB. If you can use a delayed 
time base, you can examine the entire 
curve section by section. 


The NE604A _ intermediate-frequency 
integrated circuit contains any logarith- 
mic converter, and can stand as an 
example of many similar products here. 


wo 
The application note (13) gives a 
suitable application circuit. If we re- 
move the capacitor earthed through pin 
12, this IC operates from low frequen- 
cies to over 20 MHz. It has been 
observed that the IC has a tendency to 
oscillate if the impedance at the log 
output, pin-5, is greater than 100Q. It 
should be assumed beforehand here that 
this output is in the same phase with 
the input voltage during one half-wave, 
but in the reciprocal phase in the other 
half-wave. A positive feedback can thus 
come into being very easily through 
small stray capacitances in an experi- 
mental rig. So a blocking capacitor 
providing at least 100pF is required at 
pin 5. The output is a current output, 
ie. an open collector. The output 
voltage is proportional to the load 
resistance. If you wish to observe 
momentary voltages, then this is possi- 
ble only at rather low frequencies or 
low load resistance, because of the 
capacitor. 


A simple block wiring diagram can 
demonstrate the internal structure of the 
NE604A. It shows five amplifier stages 
with rectifiers connected up, which are 
all working on an addition circuit. We 
do not know in advance whether we are 
dealing with a momentary value con- 
verter, but we can determine this using 
the decaying oscillation, This converter 
should always give the same conversion 
curve in a specified frequency range, 
due to the formation of the DC sum, 


If we operate the NE604A at 5.4 kHz, 
we get Fig.18. The load resistance 
selected was 1kQ, so that the top 
limiting frequency is 1 MHz. That is 
fast enough for all details. 
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Fig.19: Determination of Conversion Error, both axes 10dB/div 
a. With small Load Capacitance (100pF) 
b, with large Load Capacitance (10nF) 


Several details of this picture stand out 
immediately. Three wave crests are 
clearly visible, while a fourth can be 
conjectured to be at about the height of 
the noise. There is no fifth one forming. 
The conjecture is obvious that there are 
only four gain stages involved in the 
conversion. However, the dynamic 
range clearly exceeds 80dB. The stage 
amplification can be estimated at 25 to 
30dB from the wave crest interval. The 
output voltage curve has a flat lower 


Fig.20: Representation of Logging 
Precision 
Yi: 200mV & Y2: 100mV/div 
X: 100ms/div (timebase sweep) 
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limit. In momentary conversion, the 
output voltage should always fall to the 
noise level at a zero crossing, as is 
indeed the case in Fig.16. Why things 
are different here | must leave open. 


Finally, another band-form structure is 
recognisable in the logged curve. 
Fig.19a shows it even more clearly. I 
have no explanation for this either. 


The top limit corresponds to the output 
voltage when the peak value is meas- 


Fig.21:; Measurement of an NE604A 
at 450 kHz 
Y1: 200mV & Y2: 10mV/div 
X: 20dB/div 
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ured, The average value is obtained if 
the load capacitance is made big 
enough, For Fig.19b it was selected at 
10nF, which certainly gives rise to 
residual ripple, but allows the output to 
remain fast enough for the rapid rise in 
voltage when the action of the oscilla- 
tion circuit is triggered. The peak value 
and the average value do not give 
congruent curves. Particularly in the 
region of high input voltage, the aver- 
age value curve is flatter, The biggest 
deviation from a straight line is at - 
20dB, and a marked bend at about - 
40dB also stands out. The gradient is 
markedly steeper above than below. 
The total conversion error obtained 
from Fig.19b amounts to exactly = 2dB. 
This is a very good reading for the 
small number of stages and the wide 
dynamic range. 


And finally, Fig.20 was produced in 
order to examine the internal function- 
ing of the NE604A. It was derived from 
Tig.l8 through a delayed time-base 
sweep, which was triggered using the 
Y2 curve. When the trigger level is 
hunted through, a different curve is 
produced for the momentary voltage 
every time, which can now be com- 
pared with Fig.l. All these curves 
should actually be similar, which is in 
no way the case here. l’or it is not only 
the forms of the half-waves which are 
different. Thus the IC in no way forms 
the correct momentary value. Not all 
the advantages of logarithmic rectifica- 
tion can be expected in practical use. 


Now the behaviour at higher operating 
frequencies is naturally also of interest. 
For Fig.21, the NE604A was connected 
up to the 450 kIIz oscillation circuit. 


oe 
With a load of 1k02/100pI, we already 
obtain the average valuc, and we also 
see that 3 wave crests have been 
formed. The only other noteworthy 
feature is the “tail” of the curve, the 
slow decaying below -80dB. This can 
not be seen at 5.4 kHz or even at 10 
MIIz, and corresponds to a time con- 
stant of I to 2ms.. According to a 
personal report from N.Rohde (*), he 
has observed a similar effect on a 
TDA1576. I wouldn’t like to say what 
the reason for the effect might be. It is 
possible that operating point displace- 
ment or local thermal effects on the 
crystal play a part. Because of the low 
time constant, it does not occur if the 
curve is passed through in a substan- 
tially shorter or longer time. Nor is it to 
be seen if no more than 80dB of the 
logarithmic range is used. 


Finally, a curve which is very similar to 
Fig.21 is also obtained at 10 MHz, but 
without the “tail” - ie. the curve falls 
steadily away to about 6mV (app. - 
90dB) and ruins horizontally from then 
onwards. ‘To produce this, the load 
resistance has to be reduced to 50Q, 
with the output voltage still only 
2.5mV. 


6. 
CONCLUSION 


The decaying oscillation process can 
always be made use of if the output of 
the logarithmic converter is sufficiently 
rapid to follow the sudden voltage rise 
when the action of the oscillation 
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circuit is triggered. The requirements 
for decaying, on the other hand, are 
comparatively casy to mect. A point in 
the circuit can often be found where it 
is guaranteed - for example, in front of 
the low pass filter. Or the possibility 
exists of raising the speed by means of 
a few other components - as with the 
NE604A here. Converters following the 
principles of Fig.2c can not be meas- 
ured using this procedure. Nor is this 
necessary if logging as per Fig.10 is 
applied. The characteristic is not wave- 
form and the single area which calls for 
more detailed examination is the transi- 
tional range between quadratic and 
linear operation. 


Two examples were used to demon- 
strate the type of curves and results 
which could be expected. Using any 
logarithmic converter IC, properties 
were demonstrated which were not to 
be found in the data sheet and the 
application note. Those who wish to 
develop such converters themselves 
have a precise and sensilive signal 
source available in decaying oscillation. 
Optimising measures can be seen on the 
screen immediately. 
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ICamtech Electronics 


|21 Goldings Close, Haverhill, Suffolk, CB9 OEQ, UK | 
i Tei: INT +44 (0) 1440 62779; Fax: +44 (0) 1440 714147 


| High Frequency Video Demodulator Card. 


Features 130 MHz U mput frequency, Plessey video demodulator, 
Switchable CCIR video de-emphasis + video imvert and switchable ineter 
funciions, signal strengih / tuning meter. Video output - 7502 composite 
video, Audio demodulated outputs available are 60002 OdBm and 0.5 Waitl 
loud speaker amplifier. This unit is to the highest quality construction using 
plate-through hole PCBs with selective solder resist finish. Available in kit 
form or ready assembied. 


Microwave Tuner / Down Converter. 


Features the very latest in commercial microwave integrated circuits and 
surface mount technology. Ultra low noise PHEMT GaAsFE'T’ front end 
followed by stripline image filter and MMIC amplifier to a 3 GHz Gilbert 
cell mixer. Exhibits 35dB conversion gain and tunes (1.QO) 800 to 
1600 MHz, with an IP output up to 200 MIIz. Also features an external LO 
output to drive a synthesiser, such as Camtech 2.4 Giz synth board, Unit 
comes completely ready assembled with instructions. 


TV Audio Modulator. 


A full featured audio modulator to compliment your video station. Contains 
microphone amplifier, 50,18 pre-emphasis filtering, speech compressor, 
15 kHz low pass filter and modulator / 5.5 to 6.0 MHz oscillator. Output is 
fully buffered and filtered to provide OdBm @ 7502 modulated + 50 kHz. 
Available in kit form or ready assembled. 


For details of these items or for a copy of our latest Catalogue, please 
write or phone fo the address above. Credit card facilities available. 
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PRINTED CIRCUIT BOARDS - KITS - COMPONENTS 
for projects featured in VHF Communications 


DBINV Spectrum Analyser Art No. 

PCB DBINV 006 IF Amplifier Fid.2/89 06997 DM 35.00 
PCB DBINV 007 LO-PLL E.d.2/89 06995 DM 35.00 
PCB DBINV 008 = Crystal Filter Ed.3/89 06998 DM 35.00 
PCB DBINV 009 Sweep Generator Ed.3/89 06996 DM 35.00 
PCB DBINV 010 Digital Store Ed.3&4/91 06477 DM 44.00 
PCB DBINV 011 Tracking Generator Ed.2/92 06479 DM 31.00 
PCB DBINV 012 Broadband VCO  Ed.4/92 06480 DM 33.00 

1450 MHz 
PCB DBINV 013 Broadband VCO  Fid.4/92 06481 DM 33.00 
1900 MHz 

DB6NT Measuring Aids for UHI Amateurs Art No. ED. 4/1993 
PCB DB6NT 001 Measuring Amp to 2.5 GHz 06379 DM 36.00 
PCB DBO6NT 002 ‘Frequency Divider to 5.5GHz 06381 DM _ 36.00 
DJ8ES 23cm FM-ATY Receiver Art No. ED. 4/1993 
PCB DJ8ES 001 — Converter 06347 DM 22.00 
PCB DJ8ES 002 . Digital Frequency Indicator 06350 DM 19.80 
PCB DI8ES 003s IF Amplifier 06353 DM 15.00 
PCB DI8ES 004 Demodulator 06356 DM_ 19.00 
DJ8ES 28/144 MHz Transverter Art No. ED. 4/1993 
PCB DI8ES 019 — Transverter 144/28 MHz 06384 DM 36.00 
PCB DJ8ES 020 Hybrid Amplifier 144 MHz 06386 DM 35.00 
DF9PL High Stability Low Noise PSU Art No. ED. 1/1993 
PCB DF9PL 001 30 Volt PSU 06378 DM _ 19.00 
PCB DF9PL 002 — Pre-Stabiliser 06376 DM_ 20.00 
PCB DF9PL 003 Precision Stabiliser 06377 DM 21.00 


To obtain supplies of the above or any PCB's, kits, components, etc., previously 
advertised in VHF Communications, please contact KM Publications for Sterling 
prices, etc., at the address shown on the inside front cover of this magazine. 
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Publications: 


UNF Compendium Pts.1 & 2; K.L.Weiner DJ9HO 
UHF Compendium Pts.3 & 4; K.L.Weiner DI9HO 
Post & packing: UK +£3.50; Overseas +£7.00; Airmail +£12.00 


An Introduction to Amateur Television, Mike Wooding G6IQM 

Slow Scan Television Explained; Mike Wooding G6IQM 

The ATV Compendium; Mike Wooding G6IQM 

TV Sccrets Volume I; ATVQ Magazine 

TV Secrets Volume I]; ATVQ Magazine 

A Guide to 23cm Television; Severnside ‘TV Group 

Just a Few Lines (a history of the birth of the BBC) 

Post & packing per book: UK +£0.80; Overseas +£1.25; Airmail +£2.75 


VHF Communications: 
1994 Subscription, Volume 26 

by credit card 
1993 Volume 25 

by credit card 
1993 per single issue 

by credit card 
1980 to 1992 per full volume ( 4 issues) 

by credit card 
Any single issue before 1993 

by credit card 
Post & packing per issue: UK +£0.30; Overseas +£0.50; Airmail +£1.25 
Post & packing per volume: UK +£0.80; Overseas +£1.50; Airmail +£4.00 


Binders to hold 3 Volumes 
by credit card 
Post & packing per binder: UK +£0.75; Overseas +£1.25; Airmail +£3.00 


VISA / ACCESS / MASTERCARD / DELTA / EUROCARD / DINERS / AMEX 


Tel: 01788 890365; Int: +44 1788 890 365 
Fax: 01788 891883; Int: +44 1788 891 883 


KM Publications, 5 Ware Orchard, Barby, Nr.Rugby, (V23 8ur 


£27.50 
£27.50 


£ 5.00 
£ 5.00 
£ 3.50 
£7.50 
£17.95 
£ 3.50 
£5.00 


£15.00 
£15.75 
£13.50 
£14.20 
£3.75 
£ 4.00 
£13.00 
£13.60 
£3.50 
£ 3.70 


£ 5,50 
£ 5.80 
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pc based CAD Software 


PUFF" with handbook (CalTech) £18.50 | 
‘Motorola/SM6MOM supplement £11.00 3 
: Siemens S-parameters £ 9.50 § 
Philips S-Parameters £14.50 | 
RHP AppCAD £16.50 } 


‘Post & packing: UK +£1.50; Overseas +£3.00; Airmail +£7.50 


‘Rasy PC PCB CAD £121.00 | 
“Easy PC Professional advanced PCB CAD £235.00 | 


‘Post & packing: UK +£5.00; Overseas +£7.50; Airmail +£10.00 


Pc based Software Collections 


CAE No.1 collection (VHF Communications 1/93) £ 70.00 
FCAE No.2 collection (VHF Communications 1/93) £ 70.00 


‘Post & packing: UK +£5.00; Overseas +£7.50; Airmail +£10.00 


Dise of the Quarter issue 1/94 - RI'D.exe £ 10.00 
‘Disc of the Quarter issue 2/94 - SPURS.exe £ 10.00 


‘PC based Circuit Simulation Packages 


‘PULSAR digital circuit simulator £235.00 
“ANALYSER III analogue circuit simulator £235.00 


Post & packing: UK +£5.00; Overseas +£7.50; Airmail +£10.00 
VISAIDELTAIACCESS!MASTERCARD/ EUROCARD/AMEXIDINERSISWITCH 


KM Publications, 5 Ware Orchard, Barby, Nr.Rugby, C023 8ur 


Tel: 01788 890365 Int: +44 1788 890 365 
Fax: 01788 891883 Int: +44 1788 891 883 
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